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MICROCHIP 
TECHNOLOGY 
INCORPORATED 








Company Profile 








FEATURES 


Fully integrated manufacturing 

A global network of plants and facilities 

A history of innovation 

Strategic marketing focus 

A product family of shared strengths 
Quality without compromise 

Research and development of high performance 
products 

Performance alliance with customers 

A solid executive team with an eye towards 
innovation 





Company headquarters in Chandler, Arizona; executive offices, R & D, and two wafer fabrication units occupy this 142,000 


square-foot facility. 


© 1990 Microchip Technology Inc. 


BUSINESS SCOPE 


Microchip Technology manufactures and markets very 
large scale integrated circuits (VLSI). The Company's 
strong experience in CMOS nonvolatile memories, 
programmable microcontrollers and peripheral devices 
has positioned the firm as a leading supplier to manufac- 
turers of computer peripheral, automotive, consumer, 
military and telecommunication products. 
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Microchip Technology Incorporated 


Propelled by customer 
requirements.... 


..and powered by continuous 
improvement... 


..Upfront the wave of 
technological change. 


MICROCHIP: 
A FULLY INTEGRATED COMPANY 
SERVING A GLOBAL MARKET 


“Microchip Technology draws its impetus from the technology 
expectations of a large base of longstanding customers. Micro- 
chip is small enough to respond quickly with technology to equate 
the customer’s need. Moreover, as a fully integrated IC Manufac- 
turer, Microchip deploys its panoply of resources to act timely and 
efficiently, and on a worldwide scale: Design, Technology Devel- 
opment, Mask Shop, Wafer Fabrication, Assembly and Test, 
Customer Support. 


“World-wide competition leaves no room for divergence or medi- 
ocrity. Therefore, Microchip Technology is committed to focus 
and to continuously improve all the vital aspects of its business. 
To improve performance, our employees are encouraged to 
analyze their methods continually. | Personal empowerment 
trespasses the limits of personal responsibility to act in anticipa- 
tion. 


“Our industry’s life-line is innovation. The fast pace of technologi- 
cal change is inherent in our industry. Microchip Technology has 
accelerated the rate of change of its technology and products to 
the forefront of the economical feasibility. 


“Change is our ally. Driving and managing change is our winning 
strategy.” 


St Sangh 


President 


erences teensy A tre A tree 
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A PRODUCT FAMILY OF 
SHARED STRENGTHS 


MICROCONTROLLERS 


SERIAL EEPROMs 


EEPROMs 


Microchip's product focus is CMOS nonvolatile memories and 
programmable microcontrollers. These product lines include 
EEPROMs, High Speed EPROMs, Flash EPROMs, and PIC® 
microcontrollers in a broad range of product densities, speeds 
and packages. | 


Microchip is quick to capitalize on advances in one product line by 
incorporating those breakthroughs into other product families. 
The possibility of enhancing the performance levels of each 


‘Microchip product family is explored with every innovation. 


Microcontrollers from Microchip combine high performance, low 
cost, and small package size. They offer the best price/performance 
ratio in the industry. Large numbers of these devices are used in 
computer peripherals, data entry, office automation, automotive 
control systems, security, and cost-sensitive consumer products, 
such as remote controls and appliances. 


_ The widely accepted PIC16XX (over 75 million shipped) and 


PIC16CXX series are the industry's only 8-bit based microcon- 
trollers using ahigh speed RISC architecture. Microchip pioneered 
the use of RISC architecture to obtain high speed and instruction 
efficiency. The CMOS PIC16CXxX is in volume production, and 
has achieved over one thousand design wins. 


The PIC family is supported by arange of user-friendly development 


systems, including simulators and in-circuit emulators. — 


Future CMOS PIC generations will include advanced features, 
such as higher speed, additional 1/O, sophisticated timers, em- 
bedded A/D, extended instruction/data memory and inter-pro 
cessor communication, | | 


Serial EEPROM devices are available in 256 bit, 1K, 2K, 4K, and 
16K bit densities. Endurance is greater than 100,000 erase/write 
cycles. These EEPROMs are ESD protected for greater than 4 
kV and operate over a temperature range from -40 °C to +85 °C. 


They are available in SOIC packages conforming to JEDEC and 


Japanese standards. The main markets are automotive and 
consumer products, such as entertainment and telecommunica- 
tion electronics and appliances. 


The 1.2* micron CMOS EEPROM devices from Microchip are 
available in 4K, 16K, and 64K densities. The manufacturing 
process used for these EEPROMs ensures 10,000 to 100,000 
write and erase cycles. Data retention is over 10 years. Short 
write times are less than 200 usec. These EEPROMs work 
reliably under demanding conditions and have been proven to 
operate efficiently at temperatures from -55 °C to +125 °C. 


* All EEPROMs 4K and greater utilize a 1.2 micron CMOS process. 
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Common applications include computer peripherals, engine con- 
trol, pattern recognition and telecommunications. 


EPROMs Microchip's CMOS EPROM devices are produced in densities 
from 64K to 512K. High Speed EPROMs have access times 
range as low as 45 nano-seconds. Microchip's process flow 
uniqueness lies in its simplicity. Aminimum number of steps allow 
to offer a reliable family of commodity EPROMs, single metal 
EPROMs, and double metal EPROMs. Typical applications in- 
clude computer peripheral, military, instrumentation, and automo- 
tive devices. 


Microchip's expertise in Plastic Packaging, combined with its 
previous leadership in the ROM market, led to the development 

of the Plastic OTP EPROM market where Microchip the #1 
supplier today. 


MILITARY PRODUCTS Microchip delivers military devices that conscientious engineers 
can use with confidence. Our 883C compliant parts cover all 
quality fronts: DESC standard military drawing approval, high 
speed performance and quick turn availability. 


Microchip's military products include CMOS memories, CMOS/ 
NMOS digital signal processors and microcontrollers - all with 
high reliability, fast access times and proven retention. Endurance 
is guaranteed in both dual in-line cerdip packages and leadless 
chip carriers. 


OTHER MICROCHIP | Other Microchip products, such as DSPs, ICs for serial data 
PRODUCTS communications and sound generation, are mature products with 
proven track record, and a large, repeat customer base. 


Microchip provides a wide package selection of single-chip DSPs 
that can be programmed for a wide variety of applications. Several 

- variants of the industry standard 32010 and 320C10 are offered 
at speeds up to 25 MHz. The 320 DSP family is often found in 
commercial and military applications were medium and high 
performance parts are required. 


The Company's reputation as a quality supplier of DSPs is 
evidenced by a license agreement with Texas Instruments to 
second-source the TMS 32010 and TMS 320C10. 


Serene STON OR oy See aN USN en ete RS AS ea ee IN I eee a OE SCA See nC ee eT 
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FULLY INTEGRATED 
MANUFACTURING 


A GLOBAL NETWORK OF 
PLANTS AND FACILITIES 


A HISTORY OF INNOVATION 


STRATEGIC 
MARKETING FOCUS 


FUTURE PRODUCTS 


Microchip delivers fast turnaround through total control over all 
phases of production. Design, product development, mask mak- 
ing, wafer fabrication, assembly and quality assurance testing are 
conducted at facilities owned and operated by Microchip. Our 
integrated approach to manufacturing along with rigorous use of 
statistical process control, continuous improvement and imple- 
mentation of root cause fixes, has brought forth tight product 
consistency levels and high yields which enable Microchip to 
compete successfully in world markets. 


Microchip is a global competitor providing local service to the 
world's technology centers. The Company's focal point is the 
design and technology advancement facility in Chandler, Arizona. 
Most military and high performance parts emanate from here, as 
well as front end wafer fabrication and electrical probing. 


Microchip's assembly and test facility in Kaohsiung, Taiwan 
houses the technology and modern assembly methods neces- 
sary for plastic and ceramic packaging. Select quality conscious 
firms who fabricate wafers in the Pacific Rim use our Kaohsiung 
plant for assembly. | 


Sales and application offices are located in key cities throughout 
the Western Hemisphere, Pacific Rim and Europe. Offices are 
staffed to meet the high quality expectations of our customers, 
and can be accessed for technical support, purchasing informa- 
tion and failure analysis. 


Microchip's history of innovation in the semiconductor industry is 
as old as the industry itself. For over a quarter century Microchip 


and its former parent company General Instruments have been 


developers of cost-effective logic and memory technology and 
products. | | 


- Microchip is credited with a number of firsts: The Metal-Oxide- 


Silcon (MOS) Integrated Circuit, DRAM, serial EEPROM, Re- 
duced Instruction Set Computer (RISC) microcontroller product 
family, UART, CMOS 64K EEPROM, and CMOS single chip DSP 
are all innovations that were originally developed and introduced 
by our engineers. 


Microchip targets selected markets where our advanced designs, 


progressive process technology and industry leading operating 
speeds enable us to deliver decidedly superior performance. The 
firm has recently positioned itself to play a dominant role asa 
supplier of high performance reprogrammabie microcontrollers, 
and CMOS nonvolatile memories. 


New process technology is constantly being developed for 
EEPROM, High Speed EPROM, and microcontroller products. 
Many advanced process technology modules are being devel- 
oped that will be integrated into our present product lines to 
achieve a range of compatible processes. Current production 
technology is attaining 1.2 microndensities. Substantial progress 
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QUALITY WITHOUT 
COMPROMISE 


RESEARCH AND 
DEVELOPMENT OF 
PERFORMANCE PRODUCTS 


FORMING A 
PERFORMANCE ALLIANCE 
WITH CUSTOMERS 


Microchip Technology Incorporated 


toward 1 micron and submicron technologies are under develop- 
ment, as well as new CMOS EEPROM, High Speed CMOS 
EPROM and advanced CMOS RISC-based microcontroller prod- 
ucts. 


Product reliability is designed into Microchip products at the 
outset. Design margins are established to guarantee that every 
product can be produced easily, error-free and within the tolerances 
of the manufacturing process. 


All our quality assurance tests are run tighter than customer 
specifications. Products are tested at least two machine toler- 
ances higher than those specified by the customer. 


Every new product is measured under accelerated stress testing. 
Test samples encompass the full range of processed tolerances 
at each step. Data sheets detailing these processes enable 
customers to reach accurate decisions based on known quantita- 
tive values. 


To determine whether a process is within normal manufacturing 
variation, statistical techniques are put to work at each process 
step. In-process controls are performed by operators in the wafer 
fabrication division and immediate corrective action is taken if 
they deem a process is out of control. Products are also sampled 
weekly through a variety of carefully monitored stress and accel- 
erated life tests. 


Microchip's positive documentation control program assures the 
correct document is always available at the point of use. Active 
documents are serialized and stamped to eliminate the possibility 
of performing a job from obsolete or incorrect instructions. 


Individuals in all departments are required to analyze the methods 
employed at their positions and formulate plans to improve 
performance. The evaluation process is never exhausted. 
Screening efforts alone are never considered enough. Inallareas 
of our business, everyone is expected to make continuous im- 
provement. | 


Microchip's research and development activities, include explor- 
ing new process technologies and products that have industry 
leadership potential. Particular emphasis is placed on products 
that can be put to work in high performance niche markets. 


Equipment is continually updated to bring the most sophisticated 
process, CAD and testing tools on line. Cycle times for new 
technology development are continuously reduced by using a 
pilot line within the manufacturing facility. 


Microchip works in tangent with customers to establish mutual 
programs to improve the performance of our products in their 
systems. We go beyond the incoming inspection level and speci- 
fication by extending our quality responsibility to the point where 
the customer ships the system. Microchip's quality programs 
ensure that our products can be used with such impunity, a 
customer can implement improvement programs centered on us 
as a supplier. 
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24C01A 


1K (128 x 8) CMOS Serial Electrically Erasable PROM 





FEATURES 
Low power CMOS technology 


Two wire serial interface bus 

5 voit only operation 

Self-timed write cycle (including auto-erase) 
Page-write buffer for up to 2 bytes 

1ms write cycle time for single byte 
100,000 erase/write cycles 

Data retention >10 years 

8-pin DIP or SOIC package 

Available for extended temperature ranges: 
—Commercial: 0°C to +70°C 

— Industrial: -40°C to +85°C 

—Automotive: -40°C to +125°C 


PIN CONFIGURATION 


DIP Package 


Preliminary Information 


Organized as one block of 128 bytes (128 x 8) 


DESCRIPTION 


The Microchip Technology Inc 24C01A is a 1K bit Elec- 
trically Erasable PROM. The device is organized as 128 
x 8 bit memory with a two wire serial interface. Advanced 
CMOS technology allows a significant reduction in power 
over NMOS serial devices. Up to eight 24C01As may be 
connected to the two wire bus. The 24CO1A is available 
in the standard 8-pin DIP and a surface mount SOIC 
package. 


BLOCK DIAGRAM 


Data 
Buffer 


2x8 
(FIFO) 


pt Pate Reo. | 


‘ 
r Slave Addr. 


| Control 
Logic 


AO A1 A2 
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ELECTRICAL CHARACTERISTICS i FUNCTION TABLE 


Maximum Ratings* 





Function — 


Allinputs and outputs w.r.t. VSS ..................-0.3 V to +7 V | = So 
Storage temperature .....eeeeseeeseseees -65°C to +150°C | AO, A1, A2 Chip Address Inpuis 
Ambient temp. with power applied ....... -65°C to +125°C Vss _ . - Ground | 
Soldering temperature of leads (10 seconds) ....+300°C _ SDA Serial Address/Data VO | 
ESD protection On all Pins ........cc cc cccccseeseeeeeerees 4kV SCL Serial Clock 

*Notice: Stresses above those listed under “Maximum ratings” may cause NF No Function 
permanentdamage to the device. Thisis astress rating only and functional Vcc +5 V Power Supply 


operation of the device at those or any other conditions above those 
_ indicated in the operational listings of this specification is not implied. 
Exposure to maximum rating conditions for extended periods may affect 


device reliability. 
Vcc = +5 V (410%) 
Commercial (C): Tamb= 0°C to +70°C 
Industrial (I): Tamb = -40°C to +85°C 
E): Tamb = -40°C to +125°C 


Parameter 
Vcc detector threshold 


SCL and SDA pins: - 
High level input voltage 
Low level input voltage 
Low level output voltage 


| 0.4— 
AO, A1 &A2 pins: . 
High level input voltage Vcc -0.5 | Voc +0.5 V 
Low level input voltage -0.3 0.5 V 
uA | VIN=0V to Vcc 


7.0 pF ViN/VouT = 0 V (Note 1) 
Tamb = +25°C, f = 1 MHz 
3.5 mA 


FCLK = 100 kHz; program cycle 

time = 2 ms, Vcc =5V, 

Tamb =0°C to 70°C 

FCLK = 100 kHz, program cycle 

time = 2 ms, Vcc =5V, 

at 4 | Tamb = (I) and (E) 

program cycle A Vcc =5 V, Tamb =0°C to +70°C 
ic ! | Vcc =5 V, Tamb= (I) and (E) 

read cycle Vcc =5 V, Tamb= (C), (I) and (E) 


loL = 3.2 mA (SDA only) 


Operating current 


SDA =SCL=Vcc=5V 
no PROGRAM active 


BUS TIMING START/STOP 


I 
I 
I 
1 
{ 
| 
1 
t 
1 
1 
| 
| 
I 
I 
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AC CHARACTERISTICS 


Parameter 





Clock frequency FCLK 100 


THIGH 4000 
TLOW 4700 


Tm | 
a 
THD:STA 4000 
TSU:STA 4700 


THD-DAT a 
250 
300 


Clock high time 

Clock low time 

SDA and SCL rise time 
SDA and SCL fall time 
START condition hold time 







1000 
300 






After this period the first 
clock pulse is generated 


START condition setup time Only relevant for repeated 


START condition 


ns 


Data input hold time 


Data input setup time 


TSu:STO 4700 


TBUF 4700 


input filter time constant TI 
(SDA and SCL pins) 


Data output delay time 3500 


See Note 1 


Time the bus must be free 


STOP condition setup time 


Bus free time 
before a new transmission 
can start 


2 
N 





100 


Byte or Page mode N = # of 
bytes to be written 


Program cycle time Twc ms 


= = 
x @ } 


Zz 





Note 1: As transmitter the device must provide this internal minimum delay time to bridge the undefined region (min 300 
ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 


BUS TIMING DATA 


Tr Ah 
SCL 


THD:STA—<——te=| eg T LOW 


THD:DAT (receiver) 
TSU:DAT TPb (transmitter) 


/ 
| /\ 





FUNCTIONAL DESCRIPTION 


_ The 24C01A supports a bidirectional two wire bus and mitter or receiver but the master device determines 
data transmission protocol. A device that sends data ~which mode is activated. 
onto the bus is defined as transmitter, and a device 


receiving data as receiver. The bus has to be controlled } , 
_ by a master device which generates the serial clock selected by the AQ, Al and A2 chip address inputs. 


(SCL), controls the bus access, and generates the Other devices can be connected to the bus but require 


START and STOP conditions, while the 24C01A works ails sa codes than the 24CO1A {refer to sec- 
as slave. Both, master and slave can operate as trans- ion Slave Address). 


Up to eight 24C01As can be connected to the bus, 


StS te Cts 
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BUS CHARACTERISTICS 
The following bus protocol has been defined: 


- Data transfer may be initiated only when the bus is not 
busy. : | : 


- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as a 
START or STOP condition. - 


Accordingly, the following bus conditions have been de- 
fined (see Figure 1): i 


Bus not Busy (A) 


Both data and clock lines remain HIGH. 


Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All com- 
mands must be preceded by a START condition. 


Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


Data Valid (D) | 


The state of the data line represents valid data when, after 
a START condition, the data line is stable for the duration 
of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 


_period of the clock signal. There is one clock pulse pér bit 


of data. 


Each datatransfer is initiated with aSTART condition and 
terminatedwithaSTOP condition. The numberofthedata 
bytes transferred between the START and STOP condi- 
tions is determined by the master device and is theoreti- 
cally unlimited. : 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception ofeach byte. 
The master device must generate an extra clock pulse 
which is associated with this acknowledge bit. 


Note: The 24CO1A does not generate any acknowledge 
bits if an internal programming cycle is in progress. 


The device that acknowledges, has to pull down the SDA 
line during the acknowledge clock pulse in such a way that 
the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse. Of course, setup and 
hold times must be taken into account. A master must 
signal an end of data to the slave by not generating an 
acknowledge bit on the last byte that has been clocked out 
ofthe slave. Inthis case, the slave mustleave the dataline 
HIGH to enable the master to generate the STOP condi- 
tion. 


FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 


(A) , (B) | (D) 





SCL 


SDA 


(D) (C) (A) 


START CONDITION 
ACKNOWLEDGE 
~ VALID 


ADDRESS DATA ALLOWED : STOP 
— TO CHANGE : ~ CONDITION 
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SLAVE ADDRESS 


The chip address inputs AO, A1 and A2 of each 24C01A 
must be externally connected to either Vcc or ground 
(Vss), assigning to each 24C01A a unique 3-bit address. 
Up to eight 24C01As may be connected to the bus. Chip 
selectionisthenaccomplishedthrough softwareby setting 
the bits AO, A1 and A2 of the slave address to the corre- 
sponding hardwired logic levels of the selected 24CO1A. 


AftergeneratingaSTART condition, the bus master trans- 
mits the slave address consisting of a 4-bit device code 
(1010) for the 24C01A, followed by the chip address bits 
AO, Ai and A2. 


The eighth bit of slave address determines if the master 
device wants to reador writeto the 24CO1A. (See Figure2.) 


The 24C01A monitors the bus for its corresponding slave 
address all the time. It generates an acknowledge bit if the 
slave address was true and it is not ina programming 
mode. 






FIGURE 2 - SLAVE ADDRESS 
ALLOCATION 


ie OG 






START 


y SLAVE ADDRESS co 


negeoog 


BYTE PROGRAM MODE 


In this mode the master sends addresses and one data 
byte to the 24CO1A. 


Following the START condition, the device code Ab bit), 
the slave address (3-bit), and the R/W bit, which is logic 
LOW, areplaced ontothebusbythemaster. Thisindicates 
to the addressed 24C01A that a byte with a word address 
will follow after it has generated an acknowledge bit. 
Therefore, the next byte transmitted by the master is the 






FIGURE 3 - PROGRAM MODE (ERASE/WRITE) 


SLAVE WORD 
START) genres os apREee DATA BYTE 1 


word address and will be written into the address pointer 
ofthe24C01A. Themostsignificantbit ofthe wordaddress 
is a"Do Not Care" value for the 24CO1A. After receiving 
the acknowledge of the 24C01A, the master device trans- 
mits thedatawordtobewritten intothe addressed memory 
location. The 24C01A acknowledges again and the 
master generates a STOP condition. This initiates the 
internal programming cycle of the 24C01A. (See Figure 
3). 


PAGE PROGRAM MODE 


Toprogramthe24C01A, themastersends addresses and 
datatothe 24C01Awhichisthe slave, (see Figure 3). This 
is done by supplying a START condition followed by the 4- 
bit device code, the 3-bit slave address, and the R/W bit 
which is defined as a logic LOW for awrite. This indicates 
to the addressed slave that a word address will follow so 
the slave outputs the acknowledge pulse to the master 
during the ninth clock pulse. When the word address is 
received by the 24C01A, itplaces it in the lower 8 bits of the 
address pointer defining which memory location is to be 
written. (One do not care bit and seven address bits.) The 
24C01A will generate an acknowledge after every 8-bits 
received and store them consecutively in a 2-byte RAM 
until a STOP condition is detected which initiates the 
internal programming cycle. If more than 2 bytes are 
transmitted by the master, the 24C01A will terminate the 
write cycle. This does not affect erase/write cycles of the 
EEPROM array. 


If the master generates a STOP condition after transmit- 
ting the firstdataword (Point‘P’ on Figure3), byte program- 
ming mode is entered. 


The internal, completely self-timed PROGRAM cycle 
starts after the STOP condition has been generated by the 
master andallreceived (uptotwo) databytes willbe written 
in a serial manner. 


The PROGRAM cycle takes N milliseconds, whereby N is 
the number of received data bytes (N max = 2). 


ACKNOWLEDGES FROM SLAVE 





DATA BYTE N Hoo 
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READ MODE 


This mode illustrates master device reading data from the 
24C01A. 


Ascanbe seen from Figure 4, the master first sets up the 
slave and word addresses by doing a write. (Note: 
Although this is a read mode, the address pointer must be 
written to.) During this period the 24C01A generates the 
necessary acknowledge bits as defined in the appropriate 
section. | 


The master now generates another START condition and 


transmits the slave address again, except this time the | 


read/write bit is set into the read mode. After the slave 
generates the acknowledge bit, it then outputs the data 


FIGURE 4 - READ MODE 


Secures ne SLAVE RECEIVER 


SLAVE SLAVE 
START _ ADDRESS TES WORD ADDRESS vs Pelee aie DATA BYTE 1 sf 


PIN DESCRIPTION 
AQ, Ai and A2 Chip Address Inputs 


The levels on these inputs are compared with the corre- 
sponding bits in the slave address. The chip is selected if 
the compare is true. 


Up to eight 24C01As can be connected to the bus. 
These inputs must be connected to either Vss or Vcc. 


SDA Serial Address/Data Input/Output 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal. 


For normal data transfer, SDA is allowed to change only 
during SCL LOW. Changes during SCL HIGH are re- 
served for indicating the START and STOP conditions. 





from the addressed location onto the SDA pin, increments 
the address pointer and, ifitreceives an acknowledge from 
the master, will transmit the next consecutive byte. This 
autoincrementsequenceis only aborted when the master 
sends a STOP condition instead of an acknowledge. 


Note: If the master knows where the address pointer is, it 
can begin the read sequence at point ‘R’ indicated on 
Figure 4 and save time ee the slave and word 
addresses. 


In all modes, the address pointer will automatically incre- 
ment from the end of the memory block (128 byte) back to 
the first location in that block. 


ACKNOWLEDGES FROM MASTER HECEIVER 





LAST | 
DATABYTE |°/OP 


AUTO INCREMENT — 
WORD ADDRESS 


SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


NF No Function 


Must be connected to either Vss or Vcc. 


Notes: | 
1) A"page" is defined as the maximum number of bytes 


that can be programmed in a single write cycle. The 
24C01A page is 2 bytes long. 


2) A"block" is defined as a continuous area of memory 
with distinct boundaries. The address pointer can not 
cross the boundary from one block to another. It will 
however, wrap around from the end of a block to the first 
location in the same block. The 24C01A has only one 
block (128 bytes). en 
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NOTES: 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 


24C01A - /P 


PACKAGE: J CERDIP 
P Plastic DIP 
SN Plastic SOIC (0.150 mil Body) 
SM __ Plastic SOIC (0.207 mil Body) 


TEMPERATURE _ Blank 0° C to +70°C 
RANGE: I -40° C to +85° C 
E -40° C to +125° C 


DEVICE: 24C01A 1K CMOS Serial EEPROM 
24CO1AT 1K CMOS Serial EEPROM 
(in Tape & Reel) 





DS11133B-8 1-8 © 1990 Microchip Technology Inc. 





® 
Microchip 


24C01A 


DICE FORM 





1K (128 x 8) CMOS Serial Electrically Erasable PROM 





FEATURES 


Low power CMOS technology 

Organized as one block of 128 bytes (128 x 8) 
Two wire serial interface bus 

5 volt only operation 

Self-timed write cycle (including auto-erase) 
-Page-write buffer for up to 2 bytes 

1ms write cycle time for single byte 

Available in wafer or wafflepack 

Temperature range: 

—Commercial: 0°C to +70°C 


DIE CONFIGURATION 


Die Size: 106 x 76 mils 





DESCRIPTION 


The Microchip Technology Inc. 24CO1A is a 1K bit 
Electrically Erasable PROM. The device is organized as 
128 x 8 bit memory with a two wire serial interface. 
Advanced CMOS technology allows a significant reduc- 
tion in power over NMOS serial devices. Up to eight 
24C01As may be connected to the two wire bus. The 
24C01A dice are available in wafer or wafflepack 
package. 


BLOCK DIAGRAM 


a Slave 
Address 


increment 


AO Ai A2 








Preliminary Information 
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PAD FUNCTION TABLE 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings* | 














All inputs and outputs w.r.t. VSS oe -0.3V to +7V | Pics 
Storage temperature ee. eeeeeeeeee -65°C to +150°C | AO, A1, A2 Chip Address Inputs 
Ambient temp. with power applied .....-65°C to +125°C _ Vss Ground 
Soldering temperature of leads (10 seconds) ..+300°C SDA Serial Address/Data |/O 
ESD protection on all pins ........ccceeseeee pene 4kV SCL Serial Clock 

NF No Function 


*Notice: Stresses above those listed under “Maximum ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. a 


Vcc +5 V Power Supply 


Vcc = +5V (+10%) 
Commercial (C): Tamb = 0°C to +70°C 


Conditions | 


SCL and SDA pins: 
High level input voltage Voc x 0.7 
Low level input voltage -0.3 | 
Low level output voltage | loL = 3.2 mA (SDA only) 


AO, Ai & A2 pins: ee 
High level input voltage 
Low level input voltage 


VIN = 0 V to Voc 
Output leakage current VouT = 0 V to Veo. 


Internal capacitance — oO. | Vin/VouT = 0 V (Note 1) 

(all inputs/outputs) — | Tamb = +25°C, f = 1 MHz 

Operating current | FoLk = 100 kHz, program cycle | 
Te : time = 2 ms, Vcc =5V, 


program cycle Vec=5V 


read cycle | | ‘Vec=5V 


SDA=SCL=Vcc=5V _ 
(no PROGRAM active) — 
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AC CHARACTERISTICS 
Typ_| Max _| units 


Clock Frequency FCLK kHz 


















4000 
4700 


THIGH 


Clock high time 
Clock low time TLOW 
SDA and SCL rise time 
SDA and SCL fall time 


START condition hold time 


a 


After this period the first 
clock pulse is generated 


THD:STA 4000 


4700 Only relevant for repeated 


START condition 


TSU:STA 






START condition setup time 


THD:DAT 


Data input hold time 
TSU:DAT 250 
300 
4700 
4700 


Data input setup time 


+ 


=) 


Data output delay time D seeNote1 _ 


Time the bus must be free 


STOP condition setup time TSU:STO 


Bus free time TBUF ont 
before a new transmission 


can start 






Noise suppression time constant T 
(SDA and SCL pins) 






.7N N ms_ | Byte or Page mode N = # 


Program cycle time Twe 
of bytes to be written 





Note 1: As transmitter the device must provide this internal minimum delay time to bridge the undefined region (min 300 
ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. — 


BUS TIMING DATA 


SCL 


THD:STA <—<——— TLOW —> 
: <4—|— THD:DAT (receiver) 


TSU:DAT. TPbD (transmitter) 


fo 
/'\\ 





FUNCTIONAL DESCRIPTION 


The 24C01A supports a bidirectional two wire bus and transmitter or receiver but the master device determines 
data transmission protocol. A device that sends data which mode is activated. 

onto the bus is defined as transmitter, and a device Up to eight 24C01As can be connected to the bus 
receiving data as receiver. The bus has to be controlled selected by the AO, A1 and A2 chip address inputs. 
by a master device which generates the serial clock Other devices can be connected to the bus but require 


(SCL), controls the bus access, and generates the ff ; han the 24C01A (refer to sectio 
START and STOP conditions, while the 24C01A works cao ita a ( sl 


as slave. Both, master and slave can operate as 
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BUS CHARACTERISTICS 


The following bus protocol has been defined: 


- Data transfer may be initiated only when the bus is not 
busy. | 


- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 

_ a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (see Figure 1): 


Bus not Busy (A) 


Both data and clock lines remain HIGH. 


Start Data Transfer (B) 


AHIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


Stop Data Transfer (C) 


ALOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


| Data Valid (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device. 
and is theoretically unlimited. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: The 24C01A does not generate any acknowledge 
bits if an internal programming cycle is in progress. 


The device that acknowledges, has to pulldown the SDA 

line during the acknowledge clock pulse in such a way 

that the SDA line is stable LOW during the HIGH period 

of the acknowledge related clock pulse. Of course, 

setup and hold times must be taken into account. A 

master must signal an end of data to the slave by not 

generating an acknowledge bit on the last byte that has 

been clocked out of the slave. In this case the slave must. 
leave the data line HIGH to enable the master to gener 

ate the STOP condition. _ 


FIGURE 1 - DATA TRANSFER ON THE SERIAL BUS 


START CONDITION ADDRESS 


OR 
ACKNOWLEDGE 
VALID 


DATA A! LOWED 
TO CHANGE 





PYM KKK 
BAKKER 
areata 
RAK KR 
DOO OOOO AN 


wea 


STOP 
CONDITION 
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SLAVE ADDRESS 


The chip address inputs AO, A1 and A2 of each 24CO1A 
must be externally connected to either Vcc or ground 
(Vss), assigning to each 24C01A aunique 3-bit address. 
Upto eight 24C01As may be connected to the bus. Chip 
selection is then accomplished through software by 
setting the bits AO, A1 and A2 of the slave address to the 
corresponding hardwired logic levels of the selected 
24C01A. 


After generating a START condition, the bus master 
transmits the slave address consisting of a 4-bit device 
code (1010) for the 24C01A, followed by the chip ad- 
dress bits AO, A1 and A2. 


The eighth bit of slave address determines if the master 
device wants to read or write to the 24C01A. (See Figure 
2.) 


The 24C0O1A monitors the bus for its corresponding 
slave address all the time. It generates an acknowledge 
bit if the slave address was true and it is not in a_pro- 
gramming mode. 






FIGURE 2 - SLAVE ADDRESS 
ALLOCATION 


START READ/WRITE 


iz SLAVE ADDRESS 
vi - 

A \ 

fete fo feta fa 


BYTE PROGRAM MODE 


In this mode, the master sends addresses and one data 
byte to the 24CO1A. 


Following the START condition, the device code (4-bit), 
the slave address (3-bit), and the R/W bit, which is logic 
LOW, are placed onto the bus by the master. This 





FIGURE 3 - PROGRAM MODE (ERASE/WRITE) 


SLAVE _ WORD | 
START] ADDRESS i) ADDRESS DATA BYTE 1 
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indicates to the addressed 24C01A that a byte with a 
word address will follow after it has generated an ac- 
knowledge bit. Therefore the next byte transmitted by 
the master is the word address and will be written into 
the address pointer of the 24C01A. The most significant 
bit of the word address is a "Do Not Care" value for the 
24C01A. After receiving the acknowledge of the 24C01A, 
the master device transmits the data word to be written 
into the addressed memory location. The 24CO1A 
acknowledges again and the master generates a STOP 
condition. This initiates the internal programming cycle 
of the 24C01A. (See Figure 3.) 


PAGE PROGRAM MODE 


To program the 24C01A, the master sends addresses 
and data to the 24C01A which is the slave (see Figure 
3). This is done by supplying a START condition 
followed by the 4-bit device code, the 3-bit slave ad- 
dress, and the R/W bit which is defined as a logic LOW 
fora write. This indicates to the addressed slave that a 
word address will follow so the slave outputs the ac- 
knowledge pulse to the master during the ninth clock 
pulse. When the word address is received by the 
24C01A, it places it in the lower 8 bits of the address 
pointer defining which memory location is to be written. 
(One do not care bit and seven address bits.) The 
24C01Awill generate an acknowledge after every 8-bits 
received and store them consecutively in a 2- byte RAM 
until a STOP condition is detected which initiates the 
internal programming cycle. If more than 2 bytes are 
transmitted by the master, the 24C01A will terminate the 
write cycle. This does not affect erase/write cycles of the 
EEPROM array. | 


if the master generates a STOP condition after transmit- 
ting the first data word (Point ‘P’ on Figure 3), byte 
programming mode is entered. 


The internal, completely self-timed PROGRAM cycle 
starts after the STOP condition has been generated by 
the master and all received (up to two) data bytes will be 
written in a serial manner. 


The PROGRAM cycle takes N milliseconds, whereby N 
is the number of received data bytes (N max = 2). 


ACKNOWLEDGES FROM SLAVE 
DATA BYTE N STOP 


DS11141C0-5 














24C01A DICE FORM 


READ MODE 


This mode illustrates. master device renal data from 
the 24C01A. 


As can be seen from Figure 4, the master first sets up the 
slave and word addresses by doing a write. (Note: 


Although this is a read mode, the address pointer must 


be written to.) During this period the 24C01A generates 
the necessary aesnowieude bits as defined in the apple: 
priate section. 


The master now generates another START condition 
and transmits the slave address again, except this time 
the read/write bit is set into the read mode. After the 


FIGURE 4 - READ MODE. 


Saieaaea oo SLAVE RECEIVER 


‘SLAVE 
START ADDRESS alien WORD ADDRESS rallnal a pAESS Bee DATA BYTE 1 eh 


PAD DESCRIPTION 
AQ. A1 and A2 Chi Address Inputs 


The levels on these inputs are compared with the 
corresponding bits in the slave address. The chip is 
selected if the compare is true. 





Up to eight 24C01As can be connected to the bus. 
These inputs must be connected to either Vss or Vcc. 


SDA Serial Address/Data Input/Output 


This is a bidirectional pad used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal. | 
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slave generates the acknowledge bit, it then outputs the 
data from the addressed location on to the SDA pad, 
increments the address pointer and, if it receives an 
acknowledge from the master, will transmit the next 


- consecutive byte. This autoincrement sequence is only 
aborted when the master sends a STOP condition 


instead of an acknowledge. 

Note: If the master knows where the address saiiiat is, 
it can begin the read sequence at point ‘R’ indicated on 
Figure 4 and save time transmitting the slave and word 
addresses. 


ACKNOWLEDGES FROM MASTER RECEIVER 





LAST 
DATABYTE |S!OP 


AUTO INCREMENT 
WORD ADDRESS 


For normal data transfer, SDA is allowed to change only 
during SCL LOW. Changes during SCL HIGH are re- 
served for indicating the START and STOP conditions. 


SCL Serial Clock 


This input is used to hIaee the data transfer from 


and to the device. 


NF No Function 
Must be connected to either Vss or Vcc. 


SORES OGTMIG SGT Los 1 Rr, tn er rm a * ~ ei . a 
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NOTES: 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. | 


PART NUMBERS 


24CO1A - /W 


PACKAGE: DICE in WAFER 
DICE in WAFFLEPACK 


TEMPERATURE 0° C to 70°C 
RANGE: 


DEVICE: 24C01A 1K CMOS SERIAL EEPROM 
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ideals 24C02A 


2K (256 x 8) CMOS Serial Electrically Erasable PROM 








8-pin DIP or SOIC package 

Available for extended temperature ranges: 
— Commercial: 0°C to +70°C 

— Industrial: -40°C to +85°C 

— Automotive: -40°C to +125°C 


FEATURES DESCRIPTION 

+ Low power CMOS technology The Microchip Technology Inc. 24C02A is a 2K bit Elec- 
* Organized as one block of 256 bytes (256 x 8) trically Erasable PROM. The device is organized as 256 
* Hardware write protect for upper 1K (128 x 8) x 8 bit memory with a two wire serial interface. Advanced 
* Two wire serial interface bus CMOS technology allows a significant reduction in power 
* 5 volt only operation over NMOS serial devices. A special feature allows a 
* Self-timed write cycle (including auto-erase) write protection for the upper 1K (128 x 8). The 24C02A 
* Page-write buffer for up to 2 bytes also has a page-write capability for up to 2 bytes of data. 
* 1ms write cycle time for single byte Up to eight 24C02As may be connected to the two wire 
* 100,000 erase/write cycles bus. The 24C02A is available in the standard 8-pin DIP 
* Data retention >10 years and a surface mount SOIC package. 


BLOCK DIAGRAM 


PIN CONFIGURATION 
DIP Package 


—— 
r SLAVE ADR. | 
CONTROL 

| “Loic 


AO A1 A2WP 
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ELECTRICAL CHARACTERISTICS 


Maximum Ratings* - 


PIN FUNCTION TABLE 


yf | Function | 
All inputs and outputs w.r.t. VSS -0.3 V to +7 V | 
Storage temperature ..........cceeeeeeeeees -65°C to +150°C AO, A1, A2 Chip Address Inputs 
Ambient temp. with power applied .....-65°C to +125°C Vss Ground 
Soldering temperature of leads (10 seconds) ..+300°C SDA Serial Address/Data I/O 
ESD protection on all pins .............ccccccccesssseeeeeees 4kV SCL Serial Clock 
*Notice: Stresses above those listed under “Maximum ratings” may WP Write Protect Input 
cause permanent damage to the device. This is a stress rating only and Vcc +5 V Power Supply 





functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 


Vcc = +5 V (+10%) 
DC CHARACTERISTICS Commercial (C): Tamb= 0°C to +70°C 
| Industrial (I): Tamb = -40°C to +85°C 
Automotive (E): Tamb = -40°C to +125°C 


Parameter 


vec dstectortweshod «| vm | 28 | 48 


2.8 

SCL and SDA pins: a | 

High level input voltage Vcc x 0.7 

Low level input voltage -0.3 \ 

Low level output voltage loL = 3.2 mA (SDA only) 
AO, Ai & A2 pins: | 

High level input voltage Vec - 0.5 | Voc + 0.5 V 

Low level input voltage 0.5. V 


ViN = 0 V to Vcc 


Internal capacitance | ; Vin/VouT = 0 V (Note 1) 
(all inputs/outputs) | ? TAMB = 25°C, f = 1 MHz 


Operating current ; FCLK = 100 kHz, program cycle 
time = 2 ms, Vcc = 5 V, 
Tamb =0°C to 70°C 
FCLK = 100 kHz, program cycle 
time = 2 ms, Vcc =5V, 
| | Tamb = (I) and (E) 
program cycle : Vcc =5 V, Tamb =0°C to +70°C 
| Vcc =5 V, Tamb = (I) and (E) 
read cycle Vcc=5 V, Tamb = (C), (I) and (E) 


Standby current SDA =SCL=Vcc=5V 
| (no PROGRAM active) 
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AC CHARACTERISTICS 


Parameter 





Clock frequency FCLK 


Clock high time THIGH 
Clock low time TLOW 
SDA and SCL rise time 
SDA and SCL fall time 


START condition hold time 






THD:STA 


START condition setup time TSU:STA 


Data input hold time THD:DAT 


Data input setup time TSU:DAT 


— 
v 


Data output delay time D 


STOP condition setup time TSU:STO 


Bus free time TBUF 


input filter time constant 
(SDA and SCL pins) 


Program cycle time Twe 


4000 
4700 


4000 


4700 


25 
30 
4700 
4700 


< 
mo] 


~ 
= 


24C02A 


a 
a 
N 


1000 
300 


After this period the first 
clock pulse is generated 


Only relevant for repeated 
START condition 





3500 See Note 1 


Time the bus must be free 
before a new transmission 
can start . 


”n 


100 






ms _ | Byte or Page mode N = # 
of bytes to be written 


Note 1: As transmitter, the device must provide this internal minimum delay time to bridge the undefined region (min 300 
ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 


BUS TIMING DATA 


SCL 


THD:STA—\<—>- TLOW — te 


TSU:DAT 


THD:DAT (receiver) 
TPD _ (transmitter) 


er 
/\\ 


FUNCTIONAL DESCRIPTION 


The 24C02A supports a bidirectional two wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24C02A works 
as slave. Both, master and slave can operate as trans- 





mitter or receiver but the master device determines 
which mode is activated. ; 


Up to eight 24C02As can be connected to the bus, 


selected by the AO, A1 and A2 chip address inputs. 
Other devices can be connected to the bus, but require 
different device codes than the 24C02A (refer to section 
Slave Address). 


EE EE IRS nO re cna ee rian tasas anemia tinnrnnnnannnenenntenssbaniendlgndsInEIEEEEEEEEEEEEEEEEENSUIEEENEESOEIEEEEEEEEEEEEED OSTEO name od denencnnnenemnenEEREnETE 
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24C02A 


BUS CHARACTERISTICS 


The following bus protocol has been defined: 


Data transfer may be initiated only when the bus is 
not busy. 

During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 

in the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 
Accordingly, the following bus conditions have been 
defined (see Figure 1): 


Bus not Bu A 


Both data and clock lines remain HIGH. 


Start Data Transfer (B) 


AHIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All com- 
mands must be preceded by a START condition. 


Stop Data Transfer (C) 


ALOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


Data Valid (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a STARTcondition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: The 24C02A does not generate any acknowledge 
bits if an internal programming cycle is in progress. 


The device that acknowledges, has to pulldown the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. A 
master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out of the slave. In this case, the slave 
must leave the data line HIGH to enable the master to 


_ generate the STOP condition. 


FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 


(D) 


START CONDITION ADDRESS 


OR 
ACKNOWLEDGE 
VALID 


DATA ALLOWED 
TO CHANGE 
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SLAVE ADDRESS 


The chip address inputs AO, A1 and A2 of each 24C02A 
must be externally connected to either Vcc or ground 
(Vss), assigning to each 24C02A a unique 3-bit address. 
Up to eight 24C02As may be connected to the bus. Chip 
selection is then accomplished through software by 
setting the bits AO, A1 and A2 of the transmitted slave 
address to the corresponding hardwired logic levels of 
the selected 24C02A. 


After generating a START condition, the bus master 
transmits the slave address consisting of a 4-bit device 
code (1010) for the 24C02A, followed by the chip ad- 
dress bits AO, A1 and A2. 


The eighth bit of slave address determines if the master 
device wants to read or write to the 24C02A. (See Figure 
2.) 


The 24C02A monitors the bus for its corresponding 
slave address all the time. It generates an acknowledge 
bit if the slave address was true and it is not in a 
programming mode. 


FIGURE 2 - SLAVE ADDRESS 
ALLOCATION 


START READ/WRITE 


ia SLAVE ADDRESS _- 
/ N 


\ 
/ \ 
pt fofefe fafa | ao 


BYTE PROGRAM MODE 


In this mode the master sends addresses and one data 
byte to the 24C02A. 


Following the START condition, the device code (4-bit), 
the slave address (3-bit), and the R/W bit, which is logic 
LOW, are placed onto the bus by the master. This 





FIGURE 3 - PROGRAM MODE (ERASE/WRITE) 


indicates to the addressed 24C02A that a byte with a 
word address will follow after it has generated an ac- 
knowledge bit. Therefore, the next byte transmitted by 
the master is the word address and will be written into the 
address pointer of the 24C02A. After receiving the 
acknowledge of the 24C02A, the master device trans- 
mits the data word to be written into the addressed 
memory location. The 24CO2A acknowledges again 
and the master generates a STOP condition. This 
initiates the internal programming cycle of the 24CO2A. 
(See Figure 3.) 


PAGE PROGRAM MODE 


To program the 24C02A, the master sends addresses 
and data to the 24C02A which is the slave. (See Figure 
3.) This is done by supplying a START condition 
followed by the 4-bit device code, the 3-bit slave ad- 
dress, and the R/W bit which is defined as a logic LOW 
for awrite. This indicates to the addressed slave that a 
word address will follow so the slave outputs the ac- 
knowledge pulse to the master during the ninth clock 
pulse. When the word address is received by the 
24C02A, it places it in the lower 8 bits of the address 
pointer defining which memory location is to be written. 
The 24C02A will generate an acknowledge after every 
8 bits received and store them consecutively in a 2-byte 
RAM until a STOP condition is detected which initiates 
the internal programming cycle. If more than 2 bytes are 
transmitted by the master, the 24C02A will terminate the 
write cycle. This does not affect erase/write cycles of the 
EEPROM array. 


If the master generates a STOP condition after transmit- 
ting the first data word (Point ‘P’ on Figure 3), byte pro- 
gramming mode is entered. 


The internal, completely self-timed PROGRAM cycle 
starts after the STOP condition has been generated by 
the master and all received (up to two) data bytes will be 
written in a serial manner. | 


The PROGRAM cycle takes N milliseconds, whereby N 
is the number of received data bytes (N max = 2). 


ACKNOWLEDGES FROM SLAVE 


DATA BYTE N STOP 





SLAVE WORD 
START! ADDRESS ADDRESS DATA BYTE 1 ‘ 
RW P 
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WRITE PROTECTION 


Programming of the upper half of the memory will not 
take place if the WP pin of the 24C02A is connected to 
Vcc (+5 V). The 24C02A will accept slave and word ad- 
dresses but if the memory accessed is write protected by 
the WP pin, the 24C02A will not generate an acknowl- 
edge after the first byte of data has been received, and 
thus the program cycle will not be started when the stop 
condition is asserted. 


READ MODE 


This mode illustrates master device reading data from 
the 24C02A. 


As canbe seen from Figure 4, the master first sets up the 
slave and word addresses by doing a write. (Note: 
although this is a read mode the address pointer must be 
written to.) During this period the 24C02A generates the 
necessary acknowledge bits as S defined | in the. appropri- 
ate section. 


FIGURE 4 - READ MODE 


ea er SLAVE RECEIVER 


‘SLAVE 
START]: ADDRESS - ES WORD ADDRESS rel ADDRESS mica DATA BYTE 1 i 





PIN DESCRIPTION — 
AO, Ai and A2 Chip Address Inputs 


The levels on these inputs are compared with the 
corresponding bits in the slave address. The chip is 
selected if the compare is true. 





Up to eight 24C02As can be connected to the bus. 
These inputs must be connected to either Vss or Vcc. 


SDA Serial Address/Data Input/Output — 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal. 


For normal data transfer SDA is allowed to change only 
during SCL LOW. Changes during SCL HIGH are re- 
served for indicating the START and STOP conditions. 


SCL Serial Clock 


This input is used to synchronize the data transfer from . 


and to the device. 
WP_Write Protection 


This pin must be connected to either Vss or Vcc. 
If tied to Voc, PROGRAM ppetalions onto the upper half 


The master now generates another START condition 
and transmits the slave address again, except this time 
the read/write bit is set into the read mode. After the 
slave generates the acknowledge bit, it then outputs the 
data from the addressed location on to the SDA pin, in- 
crements the address pointer and, if it receives an ac- 
knowledge from the master, will transmit the next con- 
secutive byte. This autoincrement sequence is only 
aborted when the master sends a STOP condition 
instead of an acknowledge. 


Note: If the master knows where the address pointer is, 
it can begin the read sequence at point ‘R’ indicated on 
Figure 4 and save time transmitting the slave and word 
addresses. 


Note: In all modes, the address pointer will automatically 


- increment from the end of the memory block (256 byte) 


back to the first location in that block. 


ACKNOWLEDGES FROM MASTER RECEIVER 


LAST | 
DATABYTE |S!OP 





AUTO INCREMENT 
WORD ADDRESS 


of memory (addresses 080—OFF) will not be executed. 
Read operations are possible. 


If tied to Vss, normal memory operation is enabled (read/ 
write the entire memory OOO—OFF). , 


This feature allows the user to assign the upper half of 
the memory as ROM which can be protected against 
accidental programming. When write is disabled, slave 
address and word address will be acknowledged but 
data will not be acknowledged. 


_ Notes: 


1 ) A "page" is defined as the maximum number of bytes 
that can be programmed in a single write cycle. The 
24C02A page is 2 bytes long. 


2) A"block" is defined as a continuous area of memory | 
with distinct boundaries. The address pointer can not 
cross the boundary from one block to another. It will 
however, wrap around from the end of a block to the first 
location in the same block. The 24C02A has only one 
block (256 bytes). 
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NOTES: 
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SALES AND SUPPORT 





To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 


24C02A - /P 


PACKAGE: J CERDIP 
P PLASTIC DIP 
SN PLASTIC SOIC (0.150 mil Body) 
SM PLASTIC SOIC (0.207 mil Body) 


TEMPERATURE Blank 0° C to +70° C 
RANGE: | -40° C to +85° C 
E -40° C to +125° C 


DEVICE: 24C02A 2K CMOS Serial EEPROM 
24C02AT 2K CMOS Serial EEPROM 
(in Tape & Reel) 
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DICE FORM 





2K (256 x 8) CMOS Serial Electrically Erasable PROM 





FEATURES 


Low power CMOS technology 

Organized as one block of 256 bytes (256 x 8) 
Hardware write protect for upper 1k (128 x 8) 
Two wire serial interface bus 

5 volt only operation 

Seif-timed write cycle (including auto-erase) 
Page-write buffer for up to 2 bytes 

1ms write cycle time for single byte 

Available in wafer or wafflepack 
Temperature range: 

—Commercial: 0°C to +70°C 


DIE CONFIGURATION 


Die Size: 106 x 76 mils 


DESCRIPTION 


The Microchip Technology Inc 24C0O2A is a 2K bit 
Electrically Erasable PROM. The device is organized as 
256 x 8 bit memory with a two wire serial interface. 
Advanced CMOS technology allows a significant re- 
duction in power over NMOS serial devices. A special 
feature allows a write protection for the upper 1k (128 x 
8). The 24C02A also has a page-write capability for up 
to 2 bytes of data. Up to eight 24C02As may be 
connected to the two wire bus. The 24CO2A dice are 
available in wafer or wafflepack package. 


BLOCK DIAGRAM 


Slave 
Address. 


Control Increment 
Logic 


AO Ai A2 WP 
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PAD FUNCTION TABLE a 


ELECTRICAL CHARACTERISTICS 
MAXIMUM RATINGS‘ _ 




















All inputs and outputs w.r.t. VSS .......c....°0.3V to +7V - SS : 
Storage temperature... ceseeeeeeees -65°C to +150°C AO, Al, A2 Chip Address Inputs 
Ambient temp. with power applied .....-65°C to +125°C VSS Ground 
Soldering temperature of leads (10 seconds) ..+300°C | SDA Serial Address/Data I/O 
ESD protection on all Pins ................cessseseeeeeeeeeeees 4kV SCL Serial Clock 
*Notice: Stresses above those listed under “Maximum ratings” may WP Write Protect Input 
cause permanent damage to the device. This is a stress rating only and Vcc +5 V Power Supply 


functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 


| | Voc = +5 V (+10%) 
DC CHARACTERISTICS ; Commercial (C): Tamb = 0°C to +70°C 


Conditions 


Parameter win | 


Vcc detector threshold VTH 


2.8 
SCL and SDA pins: | 
High level input voltage Vcc x 0.7 
Low level input voltage. VIL -0.3 
Low level output voltage VOL lo. = 3.2 mA (SDA only) 


AO, Ai & A2 pins: 
~ High level input voltage VIH Vec - 0.5 | Vcc + 0.5 
Low level input voltage Vit 0.3 — 0.5 
Output leakage current p to ff tf WA VouT = 0 V to Vcc 


Internal capacitance CINT 7.0 pF | Vin/VouT = 0 V (Note 1). 
(all inputs/outputs) | Tamb = +25°C, f = 1 MHz 
3.5 | mA. 











Operating current Icco 


FCLK = 100 kHz, program cycle 
time = 2 ms, Vcc =5 V, 
Vec=5V | 





program cycle — Iecw 


read cycle _ ICCR Vec=5V 





750 LA 
100 uA |SDA=SCL=Vcc=5V. 
: (no PROGRAM active) 


Note 1: This parameter is periodically sampled and not 100% tested. 
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Parameter | Symbol Min Typ Max Units Remarks 


Clock frequency FCLK kHz 


Clock high time THIGH 





















4000 
4700 









Clock low time TLOW 


SDA and SCL rise time 
SDA and SCL fall time 


START condition hold time THD:STA 
START condition setup time TSU:STA 


Data input hold time THD:DAT 
Data input setup time TSU:DAT 
Data output delay time TP 


T 
T 
4000 


= 
a 
aay 
ee! 
ow 
4700 4 
as 
me 
Ea! 
i! 


After this period the first 
clock pulse is generated 


Only relevant for repeated 
START condition 


250 







ie) 
co) 
oe) 


See Note 1 


STOP condition setup time TSu:STO 


_ 
Noise suppression time constant T 
(SDA and SCL pins) 


Program cycle time Twe TN N ms Byte or Page mode N = # 
| of bytes to be written 


4700 


4700 Time the bus must be free 


before a new transmission 


a] 
” 


—. 
(=) 
Oo 
3 
” 


R 

F 
D 
i 





Note 1: As transmitter the device must provide this internal minimum delay time to bridge the undefined region (min 300 
ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 


BUS TIMING DATA 


SCL 


HD:STA—|~<-—_>- TLOW — 
THD:s THD:DAT (receiver) 


TSU:DAT TPD (transmitter) 


TD 
| /\ 





FUNCTIONAL DESCRIPTION 


The 24C02A supports a bidirectional two wire bus and transmitter or receiver but the master device determines 
data transmission protocol. A device that sends data which mode is activated. | 
onto the bus is defined as transmitter, and a device 


receiving data as receiver. The bus has to be controlled Pp te sign 24002 ea pe Connege ea 


by a master device which generates the serial clock selected by the AQ, Al and A2 chip address inputs. 
(SCL), controls the bus access, and generates the Other devices can be connected to the bus but require 
START and STOP conditions while the 4C02A works different device codes than the 24C02A (refer to section 
as slave. Both, master and slave can operate as Slave Address). 
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‘BUS CHARACTERISTICS 
The following bus protocol has been defined: 


- Datatransfer may be initiated only when the bus is not 
busy. 


- During the data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes in 
the data line while the clock line is HIGH will be 
interpreted as a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (see Figure 1): 


Bus not bu A 


Both data and clock lines remain HIGH. 


Start Data Transfer (B) 


AHIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


Stop Data Transfer (C) 


ALOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


Data Valid (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulee per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOPp condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: The 24C02A does not generate any acknowledge 
bits if an internal programming cycle is in progress. 


The device that acknowledges, has to pulldown the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 


_ of the acknowledge related clock pulse. Of course, 


setup and hold times must be taken into account. A 
master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out of the slave. In this case, the slave 
must leave the data line HIGH to enable the master to 
generate the STOP condition. 


FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 
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SLAVE ADDRESS 


The chip address inputs AO, A1 and A2 of each 24C02A 
must be externally connected to either Vcc or ground 
(Vss), assigning to each 24C02A a unique 3-bit address. 
Up to eight 24C02As may be connected to the bus. Chip 
selection is then accomplished through software by 
setting the bits AO, A1 and A2 of the transmitted slave 
address to the corresponding hardwired logic levels of 
the selected 24C02A. 


After generating a START condition, the bus master 
transmits the slave address consisting of a 4-bit device 
code (1010) for the 24C02A, followed by the chip ad- 
dress bits AO, A1 and A2. 


The eighth bit of slave address determines if the master 
device wants to read or write to the 24C02A. (See Figure 
2.) 


The 24C02A monitors the bus for its corresponding 
slave address all the time. It generates an acknowledge 
bit if the slave address was true and it is not in a pro- 
gramming mode. 


FIGURE 2 - SLAVE ADDRESS 
ALLOCATION 


START READ/WRITE 


™e 


Cal SLAVE ADDRESS 
\ 


4 \ 
ne \ 
ps fofs fo falar] ao 


BYTE PROGRAM MODE 


In this mode, the master sends addresses and one data 
byte to the 24C02A. 


Following the START condition, the device code (4-bit), 
the slave address (3-bit), and the R/W bit, which is logic 
LOW, are placed onto the bus by the master. This 
indicates to the addressed 24C02A that a byte with a 





R/W 








FIGURE 3 - PROGRAM MODE (ERASE/WRITE) 


SLAVE WORD 
START ADDRESS +s ADDRESS DATA BYTE 1 


24C02A picE FORM 


word address will follow after it has generated an ac- 
knowledge bit. Therefore, the next byte transmitted by 
the master is the word address and will be written into the 
address pointer of the 24C02A. After receiving the 
acknowledge of the 24C02A, the master device trans- 
mits the data word to be written into the addressed 
memory location. The 24C02A acknowledges again 
and the master generates a STOP condition. This 
initiates the internal programming cycle of the 24C0O2A. 
(See Figure 3.) 


PAGE PROGRAM MODE 


To program the 24C02A, the master sends addresses 
and data to the 24C02A which is the slave (see Figure 
3). This is done by supplying a START condition 
followed by the 4-bit device code, the 3-bit slave ad- 
dress, and the R/W bit which is defined as a logic LOW 
for awrite. This indicates to the addressed slave that a 
word address will follow so the slave outputs the ac- 
knowledge pulse to the master during the ninth clock 
pulse. When the word address is received by the 
24C02A, it places it in the lower 8 bits of the address 
pointer defining which memory location is to be written. 
The 24C02A will generate an acknowledge after every 
8-bits received and store them consecutively in a 2-byte 
RAM until a STOP condition is detected which initiates 
the internal programming cycle. If more than 2 bytes are 
transmitted by the master, the 24C02A will terminate the 
write cycle. This does not affect erase/write cycles of the 
EEPROM array. 


If the master generates a STOP condition after transmit- 
ting the first data word (Point ‘P’ on Figure 3), byte 
programming mode is entered. 


The internal, completely self-timed PROGRAM cycle 
starts after the STOP condition has been generated by 
the master and all received (up to 2) data bytes will be 
written in a serial manner. 


The PROGRAM cycle takes N milliseconds, whereby N 
is the number of received data bytes (N max = 2). 











ACKNOWLEDGES FROM SLAVE 
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WRITE PROTECTION 


Programming of the upper half of the memory will not 
take place if the WP pad of the 24C02A is connected to 
Vcc (+5 V). The 24C02A will accept slave and word 
_ addresses but if the memory accessed is write protected 
by the WP pad, the 24C02A will not generate an ac- 
knowledge after the first byte of data has been received, 
and thus the program cycle will not be started when the 
STOP condition is asserted. 


READ MODE 


This mode illustrates master device reading data from 
the 24C02A. 


Ascanbe seen from Figure 4, the master first sets up the 
slave and word addresses by doing a write. (Note: 
Although this is a read mode, the address pointer must 
be written to.) During this period the 24C02A generates 
the necessary acknowledge bits as defined in the appro- 
priate section. 


FIGURE 4 - READ MODE 


a FROM SLAVE ee 


SLAVE 
START ADDRESS ES WORD ADDRESS res Peale DATA BYTE 1 





PAD DESCRIPTION 
AO. Ai and A2 Chip Address In 


The levels on these inputs are compared with the 
corresponding bits in the slave address. The chip is 
selected if the compare is true. 


Up to eight 24C02As can be connected to the bus. 
These inputs must be connected to either Vss or Vcc. 


DA Serial Address/Data Input/ 


This is a bidirectional pad used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal. 





For normal data transfer, SDA is allowed to change only 
during SCL LOW. Changes during SCL HIGH are re- 
served for indicating the START and STOP conditions. 


The master now generates another START condition 
and transmits the slave address again, except this time 
the read/write bit is set into the read mode. After the 
slave generates the acknowledge bit, it then outputs the 
data from the addressed location on to the SDA pad, 
increments the address pointer and, if it receives an 
acknowledge from the master, will transmit the next 
consecutive byte. This autoincrement sequence is only 
aborted when the master sends a STOP condition 
instead of an acknowledge. 


Note: If the master knows where the address pointer is, 
it can begin the read sequence at point ‘R’ indicated on 
Figure 4 and save time transmitting the slave and word 
addresses. 


Note: Inall modes, the address pointer will automatically 
increment from the end of the memory block (256 Eyles) 
back to the first location in that block. 


ACKNOWLEDGES FROM MASTER RECEIVER 


LAST 
DATABYTE |S!OP 


AUTO INCREMENT 
WORD ADDRESS 





SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


WP. Write Protection 
This pad must be connected to either VCC or VSS. 


If tied to Vcc, PROGRAM operations onto the upper 
memory page (addresses 080—OFF) will not be exe- 
cuted. READ operations are possible. 


If tied to Vss, normal memory operation is enabled (read/ 
write the entire memory 000-—OFF). 


This feature allows the user to assign the upper half of 
the memory as ROM which can be protected against 
accidental programming. When write is disabled, slave 
address and word address will be Bemiow iene? but 
data will not be acknowledged. 7 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. . 


PART NUMBERS 


24C02A- /W 


PACKAGE: DICE in WAFER 
DICE in WAFFLEPACK 


TEMPERATURE 0° C to 70°C 
RANGE: 


DEVICE: 24C02A 2K CMOS SERIAL EEPROM 
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FEATURES DESCRIPTION 

* Low power CMOS technology The Microchip Technology Inc. 24C04A is a 4K bit Elec- 
* Organized as two blocks of 256 bytes (2 x 256 x 8) trically Erasable PROM. The device is organized as two 
* Hardware write protect for upper block blocks of 256 x 8 bit memory with a two wire serial 
* Two wire serial interface bus interface. Advanced CMOS technology allows a signifi- 
* 5 volt only operation cant reduction in power over NMOS serial devices. A 
* Self-timed write cycle (including auto-erase) special feature allows a write protection for the upper 
* Page-write buffer for up to 8 bytes 256 byte block. The 24C04A also has a page-write ca- 
* 1ms write cycle time for single byte pability for up to 8 bytes of data. Up to four 24C04As may 
* 100,000 erase/write cycles be connected to the two wire bus. The 24C04A is 
* Data retention >10 years available in the standard 8-pin DIP and a surface mount 
¢ 8-pin DIP or SOIC package SOIC package. 


Available for extended temperature ranges: 
—Commercial: 0°C to +70°C 

—Industrial: -40°C to +85°C 

—Automotive: -40°C to +85°C 


BLOCK DIAGRAM 


PIN CONFIGURATION 
DIP Package 


Data 
Buffer 
8x8 
(FIFO 


Memory 


: : 
F Siave Addr. , Bae 
A7 


AO Ai A2WP 
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PINFUNCTION TABLE 


AO No Function, Must he 
connected to Vcc or Vss 











ELECTRICAL CHARACTERISTICS 





Maximum Ratings* 
All inputs and outputs w.r.t. VSS deere -0.3 Vto+7V 


Storage temperature ..... ee eeeeeees -65°C to +150°C 
Ambient temp. with power applied .....-65°C to +125°C 




















Soldering temperature of leads (10 seconds) ..+300°C A1, A2 Chip Address Inputs . 
ESD protection on all PINS 20... eecessceeeeeeeees 4kV Vss Ground 

*Notice: Stresses above those listed under “Maximum ratings” may SDA Serial Address/Data I/O 
cause permanent damage to the device. This is a stress rating only SCL Serial Clock 

and functional operation of the device at those or any other conditions . 

above those indicated in the operational listings of this specification is wP Write Protect Input 
not implied. Exposure to maximum rating conditions for extended Vcc +5 V Power Supply 


periods may affect device reliability. 


Voc = +5 V (+10%) 


DC CHARACTERISTICS Commercial (C): Tamb= 0°C to +70°C 
4 Industrial (I): Tamb = -40°C to +85°C 
Automotive: (E): Tamb = -40°C to +125°C 


Parameter Symbol Min i Conditions _ 

Vcc detector threshold 

SCL and SDA pins: 
High level input voltage 


_ Low level input voltage 
Low level output voltage | 0.4 
60.5 


A1 & A2 pins: 
High level input voltage Vcc -0.5 | Vcc +0.5 
Low level input voltage -0.3 ; 


loL = 3.2 mA (SDA only) 





V 

V 

V 

V 

V 
Input leakage current | VIN = 0 V to Vcc 
Output leakage current VouT = 0 V to Vcc 


{ 
1 

Internal capacitance Vin/VouT = 0 V (Note 1) 

| (all inputs/outputs) Tamb = +25°C, f = 1 MHz 
3. 


0 
Operating current 5 mA FCLK = 100 kHz, program cycle 

time = 2 ms, Vcc = 5 V, 
Tamb = 0°C to +70°C 
FCLK = 100 kHz, program cycle 
time = 2 ms, Vcc = 5 V, 
Tamb = (I) and (E) 

program cycle ; Vcc =5 V, Tamb =0°C to +70°C 

| Vcc = 5 V, Tamb= (I) and (E) 
readcycle Vcc = 5 V, Tamb= (C), (I) and (E) 


100 uA =|SDA=SCL=Vcc=5V 
(no PROGRAM active) 
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AC CHARACTERISTICS 





ieee 


Clock frequency 


< 
xo] 


Clock high time 









Clock low time 


SDA and SCL rise time 


Data input hold time 
Data output delay time 


Input filter time constant 
(SDA and SCL pins) 
Program cycle time 





Parameter — Symbol Min 





a 


pm | 
SDAandScLialtime | Tr | 


START condition hold time 4000 
START condition setup time 4700 


Data input setup time 
STOP condition setup time 4700 


- 
Cee 
| 


Units Remarks 


10 kHz 


1000 
30 


io) 


After this period the first 
clock pulse is generated 


ns 


Only relevant for repeated 
START condition 


=) 
wn 


3500 See Note 1 





a] 
” 


Time the bus must be free 
before a new transmission 
can start 


~ 
n 


100 






of bytes to be written 


Byte or Page mode N = # 





Note 1: As transmitter the device must provide this internal minimum delay time to bridge the undefined region (min 300 
ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 


BUS TIMING DATA 


SCL 


THD:STA4——>| [~<a TLOW —> 


TSU:DAT 


THD:DAT (receiver) 
TPD (transmitter) 


/ a 
/'\ 


FUNCTIONAL DESCRIPTION 


The 24C04A supports a bidirectional two wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24C04A works 


as slave. Both, master and slave can operate as trans- | 





mitter or receiver but the master device determines 
which mode is activated. 


Up to four 24C04As can be connected to the bus, se- 
lected by the A1 and A2 chip address inputs. AO must 
be tied to Vcc or Vss. Other devices can be connected 
to the bus but require different device codes than the 
24C04A (refer to section Slave Address). 
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BUS CHARACTERISTICS 


The following bus pretocol has been defined: 


- Datatransfer may be initiated only when the bus is not 
busy. 


- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 


Accordingly, the following bus conditions have been de- 
fined (see Figure 1): 


Bus not Busy (A) 


Both data and clock lines remain HIGH. 


Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All com- 
mands must be preceded by a START condition. 


Stop Data Transfer (C) 


ALOWto HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


Data Valid (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. | . 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: The 24C04A does not generate any acknowledge 
bits if an internal programming cycle is in progress. 


The device that acknowledges, has to pulldownthe SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. A 
master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out of the slave. In this case, the slave 
must leave the data line HIGH to enable the master to 
generate the STOP condition. 


FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 


TORII 
ROKK KKK KKK 
AXXXXXY RX RXNXRRXRAYAY N 
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ADDRESS DATA ALLOWED 
OR TO CHANGE 
ACKNOWLEDGE 
VALID 


START CONDITION 


~. STOP 
CONDITION 
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SLAVE ADDRESS 


The chip address inputs A1 and A2 of each 24C04A 
must be externally connected to either Vcc or ground 
(Vss), assigning to each 24C04A a unique2-bit address. 
Up to four 24C04As may be connected to the bus. Chip 
selection is then accomplished through software by 
setting the bits A1 and A2 of the slave address to the 
corresponding hardwired logic levels of the selected 
24C04A. AO is not used and must be connected to either 
Vcc or Vss. 


After generating a START condition, the bus master 
transmits the slave address consisting of a 4-bit device 
code (1010) for the 24C04A, followed by the chip ad- 
dress bits A1 and A2. The seventh bit of that byte (BA) 
is used to select the upper block (addresses 100—1FF) 
or lower page (addresses 000—OFF) of the 24C04A. 


The eighth bit of slave address determines if the master 
device wants to read or write to the 24C04A. (See Figure 
2.) 


The 24C04A monitors the bus for its corresponding 
slave address all the time. It generates an acknowledge 
bit if the slave address was true and it is not in a 
programming mode. 


FIGURE 2 - SLAVE ADDRESS 
ALLOCATION 
START _ READ/WRITE 


= SLAVE ADDRESS 


/ \ 


\ 
re \ 
pr fos fo falar fen 


BYTE PROGRAM MODE 


in this mode, the master sends addresses and one data 
byte to the 24C04A. 


Following the START condition, the device code (4-bit), 
the slave address (3-bit), and the R/W bit, which is logic 
LOW, are placed onto the bus by the master. This 
indicates to the addressed 24C04A that a byte with a 








R/W 


FIGURE 3 - PROGRAM MODE (ERASE/WRITE) 


SLAVE WORD 
START ADDRESS s ADDRESS DATA BYTE 1 


word address will follow after it has generats "' an ac- 
knowledge bit. Therefore the next byte transmitted by 
the master is the word address and will be writte:;; into the 
address pointer of the 24C04A. After rece-ving the 
acknowledge of the 24C04A, the master device trans- 
mits the data word to be written into the addressed 
memory location. The 24C04A acknowledges again 
and the master generates a STOP condition. This 
initiates the internal programming cycle of the 24C04A. 
(See Figure 3.) 


PAGE PROGRAM MODE 


To program the 24C04A, the master sends addresses 
and data to the 24C04A which is the slave (see Figure 
3). This is done by supplying a START condition fol- 
lowed by the 4-bit device code, the 3-bit slave address, 
and the R/W bit which is defined as a logic LOW for a 
write. This indicates to the addressed slave that a word 
address will follow so the slave outputs the acknowledge 
pulse to the master during the ninth clock pulse. When 
the word address is received by the 24CO4A, it places it 
in the lower 8 bits of the address pointer defining which 
memory location is to be written. (The BA bit transmitted 
with the slave address is the ninth bit of the address 
pointer.) The 24C04A will generate an acknowledge 
after every 8-bits received and store them consecutively 
in an 8-byte RAM until a STOP condition is detected 
which initiates the internal programming cycle. If more 
than 8 bytes are transmitted by the master, the 24C04A 
will roll over and overwrite the data beginning with the 
first received byte. This does not affect erase/write 
cycles of the EEPROM array and is accomplished as a 
result of only allowing the address registers bottom 3 
bits to increment while the upper 5 bits remain un- 
changed. 


If the master generates a STOP condition after transmit- 
ting the first data word (Point ‘P’ on Figure 3), byte pro- 
gramming mode is entered. 


The internal, completely self-timed PROGRAM cycle 
starts after the STOP condition has been generated by 
the master and all received (up to eight) data bytes will 
be written in a serial manner. 


The PROGRAM cycle takes N milliseconds, whereby N 
is the number of received data bytes (N max = 8). 






ACKNOWLEDGES FROM SLAVE 


DATA BYTE N STOP 
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WRITE PROTECTION 


Programming of the upper half of the memory will not 
take place if the WP pin of the 24C04A is connected to 
Vec (+5 V). The 24C04A will accept slave and word ad- 
dresses butif the memory accessed is write protected by 
the WP pin, the 24C04A will not generate an acknowl- 
edge after the first byte of data has been received, and 
thus the program cycle will not be started wien the 
STOP condition is asserted. 


READ MODE 


This mode illustrates master device reading data from 
the 24C04A. 


As canbe seen from Figure 4, the master first sets up the 
slave and word addresses by doing a write. . (Note: 
Although this.is a read mode, the address pointer must 
be written to.) During this period the 24C04A generates 
the necessary acknowledge bits as defined in the appro- 
priate section. 


“FIGURE 4 4- READ MODE 


— FROM a re RECEIVER 


LAVE SLAVE 
START ABBELES ES WORD ADDRESS ih ADDRESS eh DATA BYTE 1 





PIN DESCRIPTION 


This pin must be connected to either Vcc or Vss. 


Al, A2 Chip Address Inputs 


The levels on these inputs are compared with the 
corresponding bits in the slave address. The chip is 
selected if the compare is true. 


Up to four 24C04As can be connected to the bus. 
These inputs must be connected to either Vss or Vcc. 


SDA Serial Address/Data Input/Output 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal. 


_ Fornormal data transfer, SDA is allowed to change only 
during SCL LOW. Changes during SCL HIGH are re- 
served for indicating the START and STOP conditions. 


SCL serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


The master now generates another START condition 
and transmits the slave address again, except this time 
the read/write bit is set into the read mode. After the 
slave generates the acknowledge bit, it then outputs the 
data from the addressed location on to the SDA pin, in- 
crements the address pointer and, if it receives an ac- 
knowledge from the master, will transmit the next con- 
secutive byte. This autoincrement sequence is only 
aborted when the master sends a STOP condition 
instead of an acknowledge. 


Note: If the master knows where the address pointer is, 
it can begin the read sequence at point ‘R’ indicated on 
Figure 4 and save time transmitting the slave and word 
addresses. | 


Note: In all modes, the address pointer will not incre- 
ment through a block (256 byte) boundary, but will rotate 
back to the first location in that block. 


ACKNOWLEDGES FROM MASTER RECEIVER | 


LAST 
DATABYTE {S/OP 


AUTO INCREMENT 
WORD ADDRESS — 





WP Write Protection 


This pin must be connected to either Vcc or Vss. 


If tied to Vcc, PROGRAM operations onto the upper 
memory block (addresses 100—1iFF) will not be exe- 
cuted. Read operations are possible. 


If tied to Vss, normal memory operation is enabled (read/ 


write the entire memory 000—1FF). 


This feature allows the user to assign the upper half of 
the memory as ROM which can be protected against ac- 
cidental programming. When write is disabled, slave 
address and word address will be acknowledged but 
data will not be acknowledged. 


Notes: 


1) A“page'" is defined as the maximum number of bytes 
that can be programmed in a single write cycle. The 
24C04A page is 8 bytes long. 


2) A"block" is defined as a continuous area of memory 
with distinct boundaries. The address pointer can not 
cross the boundary from one block to another. It will 
however, wrap around from the end of a block to the first 
location in the same block. The 24C04A has two blocks, 
256 bytes each. 
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SALES AND SUPPORT 


To order or to obtain information, @.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 


24C04A - /P 


PACKAGE: J CERDIP 
P Plastic DIP 
SN Plastic SOIC (0.150 mil Body) 
SM __ Plastic SOIC (0.207 mil Body) 


TEMPERATURE — 
RANGE: | 
DEVICE: 24C04A 4K CMOS Serial EEPROM 


24C04AT 4K CMOS Serial EEPROM 
(in Tape & Reel) 
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Microchip DICE FORM 
4K (512 x 8) CMOS Serial Electrically Erasable PROM 








FEATURES DESCRIPTION 

¢ Low power CMOS technology The Microchip Technology Inc. 24C04A is a 4K bit 
¢ Organized as two blocks of 256 bytes (2 x 256 x 8) Electrically Erasable PROM. The device is organized as 
¢ Hardware write protect for upper block two blocks of 256 x 8 bit memory with a two wire serial 
¢ Two wire serial interface bus interface. Advanced CMOS technology allows a signifi- 
¢ 5 volt only operation cant reduction in power over NMOS serial devices. A 
¢ Self-timed write cycle (including auto-erase) special feature allows a write protection for the upper 
¢ Page-write buffer for up to 8 bytes 256 byte block. The 24C04A also has a page-write 
* 1ms write cycle time for single byte capability for up to 8 bytes of data. Up to four 24C04As 
¢ Available in wafer or wafflepack may be connected to the two wire bus. The 24C04A dice 
¢ Temperature range: are available in wafer or wafflepack package. 


—Commercial: 0°C to +70°C 


DIE CONFIGURATION 


BLOCK DIAGRAM 


Die Size: 113 x 76 mils 


Slave 
Address 


AO A1 A2 WP 
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ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 


All inputs and outputs w.r.t. VSS ............ -0.3 V to +7 V 
Storage temperature oo... .ceeeeeeeees -65°C to +150°C 
Ambient temp. with power applied .....-65°C to +125°C 
Soldering temperature of leads (10 seconds) ..+300°C 
ESD protection on all PINs 0... ceceeseeeeeeseeneeeees 4kV 


*Notice: Stresses above those listed under “Maximum ratings” may 
cause permanent damage to the device. This is a stress rating only and 


functional operation of the device at those or any other conditions above _ 


those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 


DC CHARACTERISTICS 


Parameter 
Vcc detector threshold 
SCL and SDA pins: 
High level input voltage 
Low level input voltage 
Low level output voltage 
AO, A1 & A2 pins: 
High level input voltage 
Low level input voltage 
Input leakage current 
Output leakage current 


Internal capacitance 
(all inputs/outputs) 


Operating current. 
program cycie . 


read cycle 


Standby current 








PAD FUNCTION TABLE 


Function 


AO, A1, A2 Chip Address Inputs | 
_ Vss Ground 
SDA Serial Address/Data I/O 
SCL Serial Clock | 
WP Write Protect Input 
Vcc +5 V Power Supply 


Vcc =+5V (£10%) 
Commercial (C): Tamb = 0°C to +70°C 


loL = 3.2 mA (SDA only) 


VIN =0 V to Vec 
VouT = 0 V to Vcc 


ViIN/VouT = 0 V (Note 1) 
Tamb = +25°C, f = 1 MHz 


FcLk = 100 kHz, program cycle 
time = 2 ms, Vcc =5 V, 
Vec=5V 

Vec=5 V 


SDA = SCL =Vcc=5V 
(no PROGRAM active) 


Note 1: This parameter is periodically sampled and not 100% tested. 


BUS TIMING START/STOP 
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AC CHARACTERISTICS 


Parameter 


Symbol 





Clock frequency 

Clock high time 

Clock low time 

SDA and SCL rise time 
SDA and SCL fall time 
START condition hold time 







START condition setup time 


Data input hold time 
Data input setup time 

Data output delay time 
STOP condition setup time 


Bus free time 


Noise suppression time constant 
(SDA and SCL pins) 


Program cycle time Twe 





300 


7 


me) 


can start 
JN N ms Byte or Page mode N = # 


24C04A picE FoRM 





©O 
Oo 
~~ 
a 
N 


ns After this period the first 


fj clock pulse is generated 
i . 


Only relevant for repeated 
START condition 


See Note 1 | 


Time the bus must be free 
before a new transmission 





of bytes to be written 


Note 1: As transmitter the device must provide this internal minimum delay time to bridge the undefined region (min 300 
ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 


BUS TIMING DATA 


SCL 


THD:STA4<————t} | <— TLOW —> 


TSU:DAT 


THD:DAT (receiver) 
TPD (transmitter) 


/ a 
/\\ 


FUNCTIONAL DESCRIPTION 


The 24C04A supports a bidirectional two wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 24C04A works 
as slave. Both, master and slave can operate as 





transmitter or receiver but the master device determines 
which mode is activated. 


Up to four 24C04A can be connected to the bus, se- 
lected by the Ai and A2 chip address inputs. AO must 
be tied to Vcc or Vss. Other devices can be connected 
to the bus but require different device codes than the 
24C04A (refer to section Slave Address). 


ERE iS i NN 
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BUS CHARACTERISTICS 


The following bus protocol has been defined: 


- Datatransfer may be initiated now when the bus isnot 
busy. 


- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (see Figure 1): 


Bus not Busy (A) 


Both data and clock lines remain HIGH. 


Start Data Tansfer (B) 


A HIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


Stop Data Transfer (C) 


ALOWto HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


Data Valid (D) 


The state of the data line represents valid data when, 
after a start condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 


period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: The 24C04A does not generate any acknowledge 
bits if an internal programming cycle is in progress. 


The device that acknowledges, has to pulldownthe SDA 
line during the acknowledge clock pulse in such a way 


that the SDA line is stable LOW during the HIGH period 


of the acknowledge related clock pulse. Of course, 


setup and hold times must be taken into account. A 


master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out of the slave. In this case, the slave 
must leave the data line HIGH to enable the master to 
generate the STOP condition. 


FIGURE 1 - DATA TRANSFER SEQUENCE ON THE 
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SLAVE ADDRESS 


The chip address inputs A1 and A2 of each 24C04A 
must be externally connected to either Vcc or ground 
(VSS), assigning to each 24C04A a unique 2-bit address. 
Up to four 24C04As may be connected to the bus. Chip 
selection is then accomplished through software by 
setting the bits A1 and A2 of the slave address to the 
corresponding hardwired logic levels of the selected 
24C04A. AO is not used and must be connected to Vcc 
or Vss. 


After generating a START condition, the bus master 
transmits the slave address consisting of a 4-bit device 
code (1010) for the 24C04A, followed by the chip ad- 
dress bits A1 and A2. The seventh bit of that byte (PA) 
is used to select the upper page (addresses 100—1FF) 
or lower page (addresses 000—OFF) of the 24CO4A. 


The eighth bit of slave address determines if the master 
device wants to read or write to the 24C04A. (See Figure 
2.) 


The 24C04A monitors the bus for its corresponding 
slave address all the time. It generates an acknowledge 
bit if the slave address was true and it is not in a 
programming mode. 






FIGURE 2 - SLAVE ADDRESS 
ALLOCATION 
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BYTE PROGRAM MODE 


In this mode the master sends addresses and one data 
byte to the 24C04A. 


Following the START condition, the device code (4-bit), 
the slave address (3-bit), and the R/W bit, which is logic 
LOW, are placed onto the bus by the master. This 
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BQUaE Bc a MODE (ERASE/WRITE) 





©1990 Microchip Technology Inc. 


24C04A picE FoRM 


indicates to the addressed 24C04A that a byte with a 
word address will follow after it has generated an ac- 
knowledge bit. Therefore, the next byte transmitted by 
the master is the word address and will be written into the 
address pointer of the 24CO4A. After receiving the 
acknowledge of the 24C04A, the master device trans- 
mits the data word to be written into the addressed 
memory location. The 24C04A acknowledges again 
and the master generates a STOP condition. This 
initiates the internal programming cycle of the 24CO4A. 
(See Figure 3.) 


PAGE PROGRAM MODE 


To program the 24C0O4A, the master sends addresses 
and data to the 24C04A which is the slave (see Figure 
3). This is done by supplying a START condition 
followed by the 4-vit device code, the 3-bit slave ad- 
dress, and the R/W bit which is defined as a logic LOW 
for a write. This indicates to the addressed slave that a 
word address will follow so the slave outputs the ac- 
knowledge pulse to the master during the ninth clock 
pulse. When the word address is received by the 
24C04A, it places it in the lower 8 bits of the address 
pointer defining which memory location is to be written. 
(The PA bit transmitted with the slave address is the 
ninth bit of the address pointer.) The 24C04A will 
generate an acknowledge after every 8-bits received 
and store them consecutively in an 8-byte RAM until a 
STOP condition is detected which initiates the internal 
programming cycle. If more than 8 bytes are transmitted 
by the master, the 24C04A will roll over and overwrite the 
data beginning with the first received byte. This does not 
affect erase/write cycles of the EEPROM array and is 
accomplished as a result of only allowing the address 
registers bottom 3 bits to increment while the upper 5 bits 
remain unchanged. 


If the master generates a STOP condition after transmit- 
ting the first data word (Point ‘P’ on Figure 3), byte 
programming mode is entered. 


The internal, completely self-timed PROGRAM cycle 
starts after the STOP condition has been generated by 
the master and all received (up to eight) data beyles will 
be written in a serial manner. 


The PROGRAM cycle takes N milliseconds, whereby N 
is the number of received data bytes (N max = 8). 


RERNOV EEC FROM SLAVE 
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WRITE PROTECTION 


Programming of the upper half of the memory will not 
take place if the WP pad of the 24C04<A is connected to 
Vcc (+5 V). The 24C04A will accept slave and word 
addresses but if the memory accessed is write protected 
by the WP pad, the 24C04A will not generate an ac- 
knowledge after the first byte of data has been received, 
and thus the program cycle will not be started when the 
STOP condition is asserted. 


READ MODE 


This mode illustrates master device reading data from 
the 24C04A. 


As can be seen from Figure 4, the master first sets up the 
slave and word addresses by doing a write. (Note: 
Although this is a read mode, the address pointer must 
be written to.) During this period the 24C04A generates 
the necessary acknowledge bits as defined | in the appro- 
priate section. 


FIGURE 4 - READ MODE 
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PAD DESCRIPTION 
AO 


This pad must be connected to either Vcc or Vss. 


Ai, A2 Chip Address Inputs 


The levels on these inputs are compared with the 
corresponding bits in the slave address. The chip is 
selected if the compare is true. 


Up to four 24C04As can be connected to the bus. 
These inputs must be connected to either Vss_ or Vcc. 


SDA Serial Address/Data Input/Output 


This is a bidirectional pad used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal. 


For normal data transfer SDA is allowed to change only 
_ during SCL LOW. Changes during SCL HIGH are re- 
served for indicating the START and STOP conditions. 


The master now generates another START condition 
and transmits the slave address again, except this time 
the read/write bit is set into the read mode. After the 
slave generates the acknowledge bit, it then outputs the 
data from the addressed location on to the SDA pad, 
increments the address pointer and, if it receives an 
acknowledge from the master, will transmit the next 
consecutive byte. This autoincrement sequence is only 
aborted when the master sends a STOP condition 
instead of an acknowledge. 


Note: If the master knows where the address pointer is, 
it can begin the read sequence at point ‘R’ indicated on 
Figure 4 and save time transmitting the slave and word 
addresses. 


Note: In all modes, the address pointer will never 
automatically increment through a block (256 byte) 
boundary but will rotate back to the first location in that 
block. 


ACKNOWLEDGES FROM MASTER RECEIVER 





LAST 
| DATABYTE | STOP 


AUTO INCREMENT 
WORD ADDRESS | 


SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 2 


WP_Write Protection | 
This pad must be connected to either Vcc or Vss. 


If tied to Vcc, PROGRAM. operations onto the upper 
memory block (addresses 100—1FF) will not be exe- 
cuted. Read operations are possible. 


If tied to VSs, normal memory operation is enabled (read/ 
write the entire memory 000—1FF). 


This feature allows the user to assign the upper half of 
the memory as ROM which can be protected against 
accidental programming. When write is disabled, slave | 
address and word address will be BosTiewlengee but 
data will not be Besnowienged: 


ta rere settee Ee nn rssh sh essen hin 
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NOTES: 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 


24004 - /W 


PACKAGE: W DICE in WAFER 

S DICE in WAFFLEPACK 
TEMPERATURE = 0° C to 70°C 
RANGE: 


DEVICE: 24004 4K CMOS SERIAL EEPROM 
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1K (128 x 8 or 64 x 16) CMOS Serial Electrically Erasable PROM 





FEATURES 


Low power CMOS technology 

Pin selectable memory organization 

— 128 x 8 or 64 x 16 bit organization 
Single 5 volt only operation 

Self timed WRITE, ERAL and WRAL cycles 
Automatic erase before WRITE 

RDY/BSY status information during WRITE 
Power on/off data protection circuitry 
100,000 ERASE/WRITE cycles 

Data Retention > 10 Years 

8-pin DIP or SOIC package 

Available for extended temperature ranges: 
— Commercial: 0°C to +70°C 

— Industrial: -40°C to +85°C 

— Automotive: -40°C to +125°C 


PIN CONFIGURATION 
DIP Package 





DESCRIPTION 


The Microchip Technology Inc. 59C11 is a 1K bit Elec- 
trically Erasable PROM. The device is configured as 
128 x 8 or 64 x 16, selectable externally by means of the 
control pin ORG. Advanced CMOS technology makes 
this device ideal for low power non-volatile memory ap- 
plications. The 59C11 is available in the standard 8-pin 
DIP and a surface mount SOIC package. 








BLOCK DIAGRAM 


ADDRESS 
DECODER 









MEMORY 
ARRAY 
128 x 8or 
64 x 16 











DO 





RDY/BSY 
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Function | 


Maximum Ratings* 


All inputs and outputs w.r.t. VSS............. -0.3 Vto+7.0V 

Storage temperature .......cecseccseecseeeeee -65°C to +150°C (eS Chip Select 

Ambient temperature with | Serial Clock 

power applied 0.0... eceeeeeeeees ain 65°C to +125°C DI Data In 

Soldering temperature of leads (10 seconds) ....+300°C DO | Data Out 

ESD protection on alll PINS ....... cece eseseseeeeeeeeeees 4kV Vss Ground 

*Notice: Stresses above those listed under "Maximum ratings” may ORG Memory Array Organization 
cause permanent damage to the device. This is a stress rating only and RDY/BSY Ready/Busy Status 

functional operation of the device at those or any other conditions above V S 

those indicated in the operational listings of this specification is not cc +5 V Power Supply 





implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 


| | Vcc = +5 V (410%) 
7 | Commercial: Tamb = 0°C to +70°C 
pe ee ee Industrial: © Tamb =~—40°C to +85°C 


Automotive: Tamb = —40°C to +125°C 


2s as 


Vcc + 1 


Conditions 
lon =-400pA 


loL = 3.2 mA 
Vin = 0 V to Vcc (Note 1) 
Vout = 0 V to Vcc (Note 1) 


Vin/VouT = OV (Note 2) 
Tamb = 25°C, f = 1 MHz 


FCLK = 1 MHz, Vcc =5.5 V 


Vcc detector threshold 
High level input voltage 
Low level input voltage -0.3 


High level output voltage 


Low level output voltage 


N 
iB 


aa 


Input leakage current 
Output leakage current 


Internal capacitance 
(all inputs/outputs) 


Operating current 
(all modes) 





=) 
iA 


Standby current CS =0V, Vcc =5.5V 


Note 1: Internal resister pull-up at Pin 6. Active output at Pin 7. 
‘Note 2: This parameter is periodically sampled and not 100% tested. 


SYNCHRONOUS DATA TIMING 


Tots | 


r Toss 


CS 
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AC CHARACTERISTICS 


Parameter 
Clock frequency 


Clock high time 





Clock low time Tow | 
Chip select setup time 
Chip select hold time 
Chip select low time Tcs 
Data input setup time TpIS 


Data input hold time TDIH 


Data output delay time TPD 


tee [ooo fs 


TCKL 5 


100 





: 





Data output disable time (from CS = low) TCZ 
Data output disable time (from last clock) TDDZ 


RDY/BSY delay time TRBD 


Program cycle time (Auto Erase & Write) TWC 


PIN DESCRIPTION 

hi l 
A HIGH level selects the device. A LOW level deselects 
the device and forces it into standby mode. However, a 
WRITE cycle which is already initiated and/or in prog- 
ress will be completed, regardless of the CS input signal. 
~ If CS is brought LOW during a WRITE cycle, the device 


will go into standby mode as soon as the WRITE cycle 
is completed. 


CS must be LOW for 100 ns (TcSL) minimum between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 


Serial Clock (CLK) 


The Serial Clock is used to synchronize the communi- 
cation between a master device and the 59C11. Op- 
code, address, and data bits are clocked in on the 
positive edge of CLK. Data bits are also clocked out on 
the positive edge of CLK. 


CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be continued 
anytime (with respect to clock high time (TCKH) and clock 
low time (TCKL)). This gives freedom in preparing 
opcode, address and data for the controlling master. | 


CLK is a "Don't Care" if CS is LOW (device deselected). 


if CS is HIGH, but a START condition has not been 
detected, any number of clock cycles can be received by 
the device without changing its status (i.e., waiting for 
START condition). | 
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for 8-bit mode 
for ERAL and WRAL 
in 8/16-bit modes 


1 ms 
15 ms 





CLK cycles are not required during the self-timed WRITE 
(i.e., auto erase/write) cycle. 


After detection of a START condition the specified num- 
ber of clock cycles (respectively LOW to HIGH transi- 
tions of CLK) must be provided. These clock cycles are 
required to clock in all required opcode, address, and 
data bits before an instruction is executed (see instruc- 
tion set truth table). When that limit has been reached, 
CLK and DI become "Don't Care” inputs until CS is 
brought LOW for atleast chip select low time (TCSL) and 
brought HIGH again and a WRITE cycle (if any) is com- 
pleted. en cae 


Data In (Dl) 


Data In is used to clock in START bit, opcode, address 
and data synchronously with the CLK input. 


Dat t(D 


Data Out is used in the READ mode to output data 
synchronously with the CLK input (TPD after the positive 
edge of CLK). This output is in HIGH—Z mode except if 
data is clocked out as a result of a READ instruction. 


DI and DO can be connected together to perform a 3- 
wire interface (CS, CLK, DI/DO). 


Care must be taken with the leading dummy zero which 
is output after a READ command has been detected. 
Also, the controlling device must not drive the DI/DO bus 
during WRITE cycles. 7 | 
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Organization (OR 


This input selects the memory array organization. When 
the ORG pin is connected to +5 V the 64 x 16 organiza- 
tion is selected. When it is connected to ground, the 128 
x 8 organization is selected. If the ORG pin is left uncon- 
nected, then an internal pullup device will select the 64 
x 16 organization. 


Readv/B RDY/BSY 


Pin 7 provides RDY/BSY status information. RDY/BSY 


is low if the device is performing a WRITE, ERAL, or 
WRAL operation. When it is HIGH the internal, self- 
timed WRITE, ERAL or WRAL operation has been com- 
pleted and the device is ready to receive a new instruc- 
tion. 


INSTRUCTION SET 


DATA PROTECTION 


During power-up, all modes of operation are inhibited 
until Vcc has reached a level of between 2.8 V and 4.5 
V. During power-down, the source data protection cir- 
cuitry acts to inhibit all modes when VCC has fallen 
below the voltage range of 2.8 V to 4.5 V. 


The EWEN and EWDS commands give additional pro- 
tection against accidentally programming during normal 
operation. 


After power-up, the device is automatically inthe EWDS 
mode. Therefore, EWEN instruction must be performed 
before any WRITE, ERAL or WRAL instruction can be 
executed. 


64 X 16 MODE, ORG=1 


Number of 
pee eae Leer In | Data eed Req. CLK [Was chat inl 


128 X 8 MODE, ORG=0 


Number of 
ence en | Base In Hensal Out en ee ee CLK Cycles 


FUNCTIONAL DESCRIPTION 


START Condition 


The START bit is detected by the device if CS and Dl are 
both High with respect to the positive edge of CLK for the 
first time. 


Before a START condition is detected, CS, CLK, and Di 
may change in any combination (except to that of a 
START condition) without resulting in any device opera- 
tion (READ, WRITE, EWEN, EWDS, ERAL, and WRAL). 
As soon as CS is HIGH, the device | is no longer in the 
standby mode. 3 


An instruction following a START condition will only be 
executed if the required amount of opcode, address and 
data bits for any particular instruction is clocked in. 


After execution of an instruction (i.e. clock in or out of the 





last required address or data bit) CLK and DI become 
don't care bits until a new start condition is detected. 


Note: CS must go LOW between consecutive instruc- 
tions. 


DI/DO Pins 


It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
for a“bus conflict” to occur during the "dummy zero" that 
precedes the READ operation, if AO is a logic high level. 
Under such a condition the voltage level seen at Data 
Out is undefined and will depend upon the relative 
impedances of Data Out and the signal source driving 
AO. The higher the current sourcing capability of AO, the . 


~ higher the voltage at the Data Out pin. 


an te Egg REDE RRR DORR SR memmnnnmmeeneeeeeemememeeeeernne eres RR EERE ESN nee EERO gmNIIEIRanmnmmampetpane ememmnenememnenemeenensaneemeeeenenemmreseeeennerane ened 
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READ Mode 

The READ instruction outputs the serial data of the DO will go into HiGH-Z mode with the positive edge of 
addressed memory location on the DO pin. Adummy bit the next CLK cycle. This follows the output of the last 
(logical 0) precedes the 8- or 16-bit output string. The data bit DO or the negative edge of CS, whichever occurs 
output data changes during the high state of the system first. DO remains stable between CLK cycles for an un- 
clock (CLK). The dummy bit is output Tpp after the limited time as long as CS stays HIGH. 


positive edge of CLK, which was used to clock in the last 
address bit (AO). Therefore, care must be taken if DI and 
DO are connected together as a bus contention will 
occur for one clock cycle if AO is a one. 


The most significant data bit (D15 or D7) is always output 
first, followed by the lower significant bits (D14 - DO or D6 
- DO). 






READ MODE 
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NOTE: | ORGANIZATION | AN | DN 
| 128x8 | AB | D7 NEW INSTRUCTION 
D15 OR STANDBY (CS = 0) 








WRITE | 

The WRITE instruction is followed by 8 or 16 bits of data performs an automatic erase cycle on the specified 
which are written into the specified address. The most address before the data are written. The WRITE cycle 
significant data bit (D15 or D7) has to be clocked in first is completely self timed and commences automatically 
followed by the lower significant data bits (D14 — DO or after the rising edge of the CLK signal for the last data bit 
D6 — DO). If a WRITE instruction is recognized by the (DO). 

device and all data bits have been clocked in, the device The WRITE cycle takes 1 ms max for 8-bit mode and 2 


ms max for 16-bit mode. 
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ERASE/WRITE Enable/Disable (EWEN, EWDS) 


The device is automatically in the ERASE/WRITE Dis- instruction has to be performed before any WRITE, 
able mode (EWDS) after power-up. Therefore, EWEN ERAL, or WRAL instruction is executed by the device. 













OO IO 
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ERASE/WRITE ENABLE cx SORRY 
AND DISABLE 










SB OPCODE AN 
KX) WOOKKKKKKK 
YR \ KOK ORR BOR KKOOA 
1 0 0 Oo 0 ,  EWDS 
1 a EWEN 


DO ——______—_—_——————————_ HIGH -Z es a 


NEW INSTRUCTION 
OR STANDBY (CS = 0) 











ERASE All (ERAL) 


The entire chip will be erased to logical "1s" if this in- mode. The ERAL cycle is completely self-timed and 
struction is received by the device and it is in the EWEN commences after the rising edge of the CLK signal for 
the last dummy.address bit. ERAL takes 15 ms max. 
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RDY/BSY. 














WRITE All (WRAL) 


The entire chip will be written with the data specified in Note: The WRAL does not include an automatic ERASE 
that command. The WRAL cycle is completely self- cycle for the chip. Therefore, the WRAL instruction must 
timed and commences after the last data bit (DO) has be preceded by an ERAL instruction and the chip must 


been clocked in. WRAL takes 15 ms max. ~ beinthe EWEN status in both cases. The WRAL instruc- 
: | spa tion is used for testing and/or device initialization. 


WRITE ALL cue FLL LDL 1S g_F 
‘ : | 
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| | 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


PART NUMBERS 


59C11-1/P 


Package: CERDIP 
Plastic DIP 
Plastic SOIC (0.150 mil Body) 
Plastic SOIC (0.207 mil Body) 


Temperature 0° C to +70° C 
Range: -40° C to +85° C 
-40° C to +125° C 


Device: 59011 1K CMOS Serial EEPROM 
59C11T 1K CMOS Serial EEPROM 
(in Tape & Reel) 
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Microchip DICE FORM 
1K (128 x 8 or 64 x 16) CMOS Serial Electrically Erasable PROM 











FEATURES DESCRIPTION 
* Low power CMOS technology The Microchip Technology Inc. 59C11 is a 1K bit Elec- 
* Pad selectable memory organization trically Erasable PROM. The device is configured as 
— 128 x 8 or 64 x 16 bit organization 128 x 8 or 64 x 16, selectable externally by means of the 
* Single 5 volt only operation control pad ORG. Advanced CMOS technology makes 
* Self-timed write, ERAL and WRAL cycles this device ideal for low power non-volatile memory ap- 
* Automatic erase before write plications. The 59C11 dice are available in wafer or 
¢ RDY/BSY status information during write wafflepack. | | 


¢ Power on/off data protection circuitry 
¢ Available in wafer or wafflepack 
¢ Temperature range: 

— Commercial: 0°C to +70°C 


DIE CONFIGURATION BLOCK DIAGRAM 


Die Size: 88 x 78 mils. 


prety ADDRESS 
ARRAY Gomenat 
128 x 8 or DECODER 


64 x 16 


OUTPUT 
- a a 


RDY/BSY 


CLOCK 
GENERATOR 


8. Vcc 
7. RDY/BSY 
6. ORG 
5. Vss 
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ELECTRICAL CHARACTERISTICS 


PAD FUNCTION TABLE 

Maximum Rati ings* 
Function 

All inputs and outputs w.r.t. Vss Semele -0.3 V to +7.0 V 7 
Storage temperature .........ceeeeeeeeeee -65°C to +150°C cs Chip Select 
Ambient temperature with Serial Clock 
DOWEF APplied .............cccssccsessssteneeeerens .. 65°C to +125" Cc DI Data In 
Soldering temperature of leads (10 seconds) ....+300°C DO Data Out 
ESD protection on all pins ..........:eeeeeeeee 4kV Vss Ground 
*Notice: Stresses above those listed under "Maximum ratings" may ORG Memory Array Organization 
cause permanent damage to the device. This is a stress rating only and RDY/BSY Ready/Busy Status 
functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specification is not Vcc +5 V Power Supply 





implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 


DC CHARACTERISTICS | Vcc = +5 V (+10%) 
Commercial: Tamb = 0°C to +70°C 


Symbol Min eee Conditions 
Vcc detector threshold ikea 2.8 ov 
= 
loL = 3.2 MA © 
rv VIN = 0 V to Vcc (Note 1) 
U 


a= 
<—- 
V 
V 
A 
VouT = 0 V to Vcc (Note 1) 
pF 
A 
uA 

















High level input voltage 


Low level input voltage 





High level output voltage 





Low level output voltage 








Input leakage current 








Output leakage current 






0.4 
10 
10 
7 
4 





Internal capacitance 
(all inputs/outputs) 


Pe Vin/VouT = 0 V (Note 2) 


Tamb = 25°C, f = 1 MHz 
ee ae 


Feik = 1 MHz, Vcc=5.5 V 
CS =0V, Vcc =5.5V 

Note 1: Internal resistor pull-up at Pin 6. Active output at Pin 7. | 

Note 2: This parameter is periodically sampled and not 100% tested. 


Operating current (all modes) 






Standby current 


SYNCHRONOUS DATA TIMING 





TCKH TCKL TcsH 
CLK 
Tois 
» BK XXKXKKKEXK wt _XEKXAKENE 
7 ra a 
TPD a Tcz 


Z 
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Parameter 


Clock frequency 


Clock high time 


Clock low time 











ro tat 
on [m0 fs 
roe | 0 
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Units © Conditions 





















































Chip select setup time Tcss 
Chip select hold time TCSH 0 ns 
Chip select low time | Tcs 100 ns 
Data input setup time TbIs 100 ns | 1 
Data input hold time TDIH 100 ns 
Data output delay time TPD 400 ns CL = 100 pF 
Data output disable time (from CS = low) | TCZ 0 100 ns CL = 100 pF 
Data output disable time (from last clock); TDDZ 0 400 ns CL = 100 pF 
RDY/BSY delay time TRBD 400 ns 
Program cycle time (Auto Erase & Write) | Twc 1 ms for 8-bit mode 
15 ms for ERAL and WRAL in 
8/16-bit modes 











PAD DESCRIPTION 


Chip Select (C 


A HIGH level selects the device. ALOW level deselects 
the device and forces it into standby mode. However, a 
WRITE cycle which is already initiated and/or in prog- 
ress willbe completed, regardless of the CS input signal. 
If CS is brought LOW during a WRITE cycle, the device 
will go into standby mode as soon as the WRITE cycle 
is completed. 


CS must be LOW for 100 ns (TCSL) minimum between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 


Serial Clock (CLK) 


The Serial Clock is used to synchronize the communi- 
cation between a master device and the 59C11. Op- 
code, address, and data bits are clocked in on the 
positive edge of CLK. Data bits are also clocked out on 
the positive edge of CLK. 


CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be continued 
anytime (with respect to clock HIGH time (TCKH) and 
clock LOW time (TCKL)). This gives freedom in prepar- 
ing opcode, address and data for the controlling master. 


CLK is a"Don't Care" if CS is LOW (device deselected). 
lf CS is HIGH, but a start condition has not been 
detected, any number of clock cycles can be received by 











the device without changing its status (i.e., waiting for 
START condition). 


CLK cycles are not required during the self-timed WRITE 
(i.e. auto erase/write) cycle. 


After detection of aSTART condition the specified num- 
ber of clock cycles (respectively LOW to HIGH transi- 
tions of CLK) must be provided. These clock cycles are 
required to clock in all required opcode, address, and 
data bits before an instruction is executed (see instruc- 
tion set truth table). When that limit has been reached, 
CLK and DI become don't care inputs until CS is brought 
LOW for at least chip select low time (TCSL) and brought 
HIGH again and a WRITE cycle (if any) is completed. 


Data In (DI 


Data In is used to clock in START bit, opcode, address 
and data synchronously with the CLK input. 


Data Out (DO) 


Data Out is used in the READ mode to output data 
synchronously with the CLK input (TPD after the positive 
edge of CLK). This output is in HIGH—Z mode except if 
data is clocked out as a result of a READ instruction. 


_Dl and DO can be connected together to perform a 3- 


wire interface (CS, CLK, DI/DO). 


Care must be taken with the leading dummy zero whee 
is output after a READ command has been detected. 
Also, the controlling device must not drive the DI/DO bus 
during WRITE cycles. 
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R 


This input selects the memory array organization. When 
the ORG pad is connected to +5 V the 64 x 16 organiza- 
tion is selected. When it is connected to ground, the 128 
x 8 organization is selected. If the ORG pad is left uncon- 
nected, then an internal pullup device will select the 64 
x 16 organization. 


R /B RDY/BSY 


rganization 


Pad 7 provides RDY/BSY status information. RDY/BSY | 


is low if the device is performing a WRITE, ERAL, or 
WRAL operation. When it is HIGH, the internal self- 


timed WRITE, ERAL or WRAL operation has been com- — 


pleted and the device is ready to receive a new instruc- 
tion. 





DATA PROTECTION 


During power-up all modes of operation are inhibited 
until Vcc has reached a level of between 2.8 Vand 4.5 V. 
During power-down the source data protection circuitry 
acts to inhibit all modes when Vcc has fallen below the 
voltage range of 2.8 V to 4.5 V. 


The EWEN and EWDS commands give additional pro- 
tection against accidentally programming during normal 
operation. 


After power-up the device is automatically in the EWDS 
mode. Therefore, EWEN instruction must be performed 
before any WRITE, ERAL or WRAL instruction can be 
executed. 


INSTRUCTION SET 64 X 16 MODE, ORG=1 
re eS 

Instruction | Bit Opcode Address Data Out Req. CLK Cycles 
READ 1 1 0 r 4-0 x X — “Di5—b0 | DO 
WRITE oe KX X i oi i : iv i Di5-DO | High-Z 27 
EWEN “a 0011 X X X X xX xX — High-Z 11 
EWDS 1 000 0 X xX X X X X — High-Z 11 
ERAL 1 001 0 X X X X X X — High-Z 11 
WRAL 1 000 1 X X X X X X Di5-DO | High-Z 27 

128 X 8 MODE, ORG=0 | 
—. Start | Number of - 
Instruction. Address Reg. CLK Cycles 
READ { 1 0X X | AB AS A4 AS A2 AY AO | —. | D7-DO 20 
WRITE 1 X 1X X |} AB AS A4 AB A2 AI AO D7 -DO High-Z 20 
EWEN 4 0011 X X X X X X X — High-Z 12 
EWDS 1 000 0 X X X X X X X ~ High-Z 12 
ERAL 1 00 10 X X X X X X X ~— High-Z 12 
WRAL 1 000 1 X X X X X X X D7 -D0 High-Z | 20 


FUNCTIONAL DESCRIPTION 


START Condition 


The START bit is detected by the device if CS and Dl are 
both HIGH with respect to the positive edge of CLK for 
the first time. 


Before a START condition is detected, CS, CLK and DI 
may change in any combination (except to that of a 
START condition) without resulting in any device opera- 
tion (READ, WRITE, EWEN, EWDS, ERAL, and WRAL). 
As soon as CS is HIGH, the device is no longer | in the 
standby mode. | 


An instruction following a START condition will only be 


executed if the required amount of opcode, address and 
data bits for any particular instruction is clocked in. 


After execution of an instruction (i.e. clock in or out of the 
last required address or data bit) CLK and DI become 
"don't care" bits until a new start condition is detected. 


Note: 
CS must go LOW between consecutive instructions. 


Di/DO Pads 


It is possible to connect the Data In and Data Out pads 
together. However, with this configuration it is possible 
for a "bus conflict" to occur during the "dummy zero” that 
precedes the READ operation, if AO is a logic HIGH 
level. Under such a condition the voltage level seen at 
Data Out is undefined and will depend upon the relative 
impedances of Data Out and the signal source driving 
AQ. The higher the current sourcing capability of AO, the 
higher the voltage at the Data Out pad. 
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READ Mode 


The READ instruction outputs the serial data of the 
addressed memory location on the DO pad. A dummy 
bit (logical 0) precedes the 8/16-bit output string. The 
output data changes during the HIGH state of the system 
clock (CLK). The dummy bit is output TPD after the 
positive edge of CLK, which was used to clock in the last 
address bit (AO). Therefore, care must be taken if DI and 
DO are connected together as a bus contention will 
occur for one clock cycle if AO is a one. 


READ MODE 


59C11 DICE FORM 


DO will go into HIGH-Z mode with the positive edge of 
the next CLK cycle. This follows tiie output of the last 
data bit DO or the low going edge of CS, whichever oc- 
curs first. DO remains stable between CLK cycles for an 
unlimited time as long as CS stays HIGH. 


The most significant data bit (D15 or D7) is always output 
first, followed by the lower significant bits (D14- DO or D6 
- DO). 


oP BLU LU UU UL. UU LS Lee 


saad aaa ams \| tee | f= 


OPCODE 


wey Ki COOK) OK XRAY 
/_ AB _ ih AX) XX ARR RR WN 
X 


RR), 


AN AO 


1X 
pee —— 





| 
1 | 


NEW INSTRUCTION 


OR STANDBY (CS = 0) 


NOTE: | ORGANIZATION DN 
128 x 8 D7 
peaxte ‘| AS | (DTS 





WRITE Mode 


The WRITE instruction is followed by 8 or 16 bits of data 
which are written into the specified address. The most 
significant data bit (D15 or D7) has to be clocked in first 
followed by the lower significant data bits (D14 — DO or 
D6 — DO). If a WRITE instruction is recognized by the 
device and all data bits have been clocked in, the device 


performs an automatic erase cycle on the specified 
address before the data are written. The WRITE cycle is 
completely self timed and commences automatically 
after the last data bit (DO) has been clocked in. 


The WRITE cycle takes 1 ms for 8-bit mode and 2 ms for 
16-bit mode max. 


WRITE MODE: XI” 
ODE ox aaa S ERR 


OPCODE 
x "0" KOK 
SN /\L\/ i BS / _ G nia OS: 
0 SSS ee 


RDY/BSY 


| TREO = 


NOTE: | ORGANIZATION | AN | DN | PO See cd 


P68 | As | 07 
DIS 


NEW INSTRUCTION 
OR STANDBY (CS = 0) 
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—ERASE/WRITE Enable/Disable (EWEN,.EWDS) | | 
The device is automatically in the ERASE/WRITE Dis- instruction has to be performed before any WRITE, 













able mode (EWDS) after power-up. Therefore, EWEN ERAL, or WRAL instruction is executed by the device. 
ERASE/WRITE ENABLE CLK SOREN Woeouenorotuneneneted 
























AND DISABLE - 
—p| jt Tost 
sll Nive | 
sB OPCODE AN AO SB 
DI BRR SRA 
1 0 0 0O 0 EWDS 
1 1 *X X EWEN 
00S Gk es 
NOTE: | 
| 126x8 | 6 | NEW INSTRUCTION 
OR STANDBY (CS = 0) 
ERASE All (ERAL) : The ERAL cycle is completely self-timed and com- 


mences after the last dummy address bit has been 
clocked in. ERAL takes 15 ms max in both 8-bit and 16- 
bit modes. 


The entire chip will be erased to logical "1s" if this instruc- 
tion is received by the device and itis in the EWEN mode. 








ERASE ALL ok RM LILI LI LILI Ly] BRR 
(CHIP ERASE) Tenet Le el pa Tos 

























2 _ 
cs RK ROKK RED 
| 
SB OPCODE AN AO | | | $B 
. RRX/ YXKAKAAXK XY COOXRKAAOOAAAAAAAAD ~ 
YY XX) BN EX KOO AK K) 

a RR JV YL RRR RORY 

1 0 0 10 x x 


ag ja TRBD | 


|\——g——/1 “ 


| |<» 
NOTE: | ORGANIZATION . | Two 
128 x8 BS NEW INSTRUCTION 
64x 16 | AS 


OR STANDBY (CS = 0) 


60; ss ee eee 
RDY/BSY . 





WRITE All (WRAL Note: The WRAL does not include an automatic erase 
| ans ,; ee at: | le forthe chip. Therefore, the WRAL instruction must 

The entire chip will be written with the data specified in he ad , 

that command. The WRAL cycle is completely self- be preceded by an ERAL instruction and the chip must 

timed and commences after the last data bit (DO) has | be in the EWEN status in both cases. 

been clocked in. WRAL takes 15 ms max in both 8-bit The WRAL instruction is used for testing and/or device 

and 16-bit modes. © initialization. = 













BX TRY 
OXKOXOXXAKKKX) 
ROO 


WRITE ALL uk RTL LL g_ : 
| 


TcsH — <—— 










' 
f™— Tesi 


2 99 et 


| SB OPCODE AN AQ DN ead 
SPRY) RRY RY 
OR RRERK WR 
1 0. O 0 14 xX x Xx |x | 


0 $$$ Hien- 2. —— 4-1 —__1—___— 


Trap ——|  <g— 
RDY/BSY | 


de 

NOTE: | ORGANIZATION | AN | ON | Twc i 
128 x8 | A6 | 07 | NEW INSTRUCTION _ 

| 64x16 | AB | 015 OR STANDBY (CS = 0) 
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SALES AND SUPPORT 


To order or to obtain information, €.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


PART NUMBERS 





59C11 -/W 








Dice in Wafer 
Dice in Wafflepack 


Package: 


n= 


Temperature Blank 0° C to +70° C 
Range: 


Device: 1K CMOS Serial EEPROM 








DS20043C-8 © 1990 Microchip Technology Inc. 


1-64 





Path 85C72 


1K (128 x 8) CMOS Serial Electrically Erasable PROM 








FEATURES DESCRIPTION 

¢ Low power CMOS technology The Microchip Technology Inc. 85C72 is a 1K bit Elec- 
¢ Organized as one block of 128 bytes (128 x 8) trically Erasable PROM. The device is organized as 128 
¢ Two wire serial interface bus x 8 bit memory with a two wire serial interface. Advanced 
* 5 volt only operation CMOS technology allows a significant reduction in power 
¢ Self-timed write cycle (including auto-erase) over NMOS serial devices. Up to eight 85C72s may be 
¢ Page-write buffer for up to 2 bytes connected to the two wire bus. The 85C72 is available 
¢ 1ms write cycle time for single byte in the standard 8-pin DIP and a surface mount SOIC 
¢ 100,000 erase/write cycles package. 


Data retention >10 years 

8-pin DIP or SOIC package 

Available for extended temperature ranges: 
—Commercial: 0°C to +70°C 

—Industrial: -40°C to +85°C 

—Automotive: -40°C to +125°C 


PIN CONFIGURATION BLOCK DIAGRAM 


DIP Package 


Data 
Buffer 


2x8 
(FIFO) 


[pt pae Reo 


( 
i" Slave Addr. 
[a] 


Control 
Logic 


AO Al A2 
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ELECTRICAL CHARACTERISTICS 
Maximum Ratings* 

All inputs and outputs w.r.t. VSS... -0.3Vto+7V 
Storage temperature  ....... sees -65°C to +150°C 
Ambient temp. with power applied .....-65°C to +125°C 
Soldering temperature of leads (10 seconds) ..+300°C 
ESD protection on all pins ...........ccccsscesessreeeees 4.0 kV 


*Notice: Stresses above those listed under “Maximum ratings” may 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 


DC CHARACTERISTICS 


Parameter 
Vcc detector threshold 


SCL and SDA pins: 
High level input voltage 
Low level input voltage 
Low level output voltage 


AO, A1 & A2 pins: 


High level input voltage 
Low level input voltage 


Internal capacitance 
(all inputs/outputs) 


Program cycle 


Read cycle 


Standby current | 100 


DS11137B-2 
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AO, A1, A2 


VSS. 





PIN FUNCTION TABLE 


Function 


Chip Address Inputs 
Ground 

Serial Address/Data 1/O 
Serial Clock 

No Connect 

+5 V Power Supply 


Vcc = +5 V (+10%) 
Commercial (C): Tamb= 0°C to +70°C 
Industrial (I): Tamb = -40°C to +85°C 
Automotive (E): Tamb = -40°C to +125°C 


V | | 
V 
V 
V 
V 
VIN = 0 V to Veo 
uA | VouT=0V to Vec 
F 


p VIN/VouT = 0 V (Note 1) 
Tamb = +25°C, f = 1 MHz 


IOL = 3.2 mA (SDA only) 


FCLK = 100 kHz, program cycle 
time =2ms, Vcc =5V, 

Tamb =0°C to +70°C 

FCLK = 100 kHz, program cycle 
time = 2 ms, Vcc = 5 V, 

Tamb = (I) and (E) 

Vcc =5 V, Tamb = 0°C to +70°C 
Vcc =5 V, Tamb= (I) and (E) 
Vcc =5 V, Tamb= (C), (I) and (E) 


wA | SDA=SCL=Vcc=5V 
(no PROGRAM active) 
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ae oyna |< ne 
Clock frequency Fou [| 
Clock high time 
Clock low time 
SDA and SCL rise time 

TF 





10 


oO 


” 






1000 
300 


After this period the first 
clock pulse is generated 


SDA and SCL fall time a a oe 


START condition hold time 4000 
START condition setup time 4700 


Data input hold time | THo:oat | 0 
Data input setup time 
Data output delay time 
STOP condition setup time 


D 

Bus free time 4700 

Input filter time constant TI 
(SDA and SCL pins) 

Program cycle time hon TN 


Note 1: As transmitter, the device must provide this internal minimum delay time to bridge the undefined region (min 300 
ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 


Only relevant for repeated 
START condition 


3500 See Note 1 





Time the bus must be free 
before a new transmission 
can start 


10 


ms_ | Byte or Page mode N = # 


of bytes to be written 


—_ 
< 
TC 
x 
=, =) 3 3 





BUS TIMING DATA 


SCL 


THD:STA 0 THD:DAT (receiver) 


TSU:DAT TPep (transmitter) 


ACK 
/\\ 





FUNCTIONAL DESCRIPTION Both, master and setae operate as transmitter or 


receiver but the master device determines which mode 
The 85C72 supports a bidirectional two wire bus and is activated. 


data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the start 
and STOP conditions, while the 85C72 works as slave. 


Up to eight 85C72s can be connected to the bus, 
selected by the AO, A1 and A2 chip address inputs. 


different device codes than the 85C72 (refer to section 
Slave Address). 


AL Ste St TE 
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BUS CHARACTERISTICS 


The following bus protocol has been defined: 


- Data transfer may be initiated only when the bus is 
not busy. | 


- During data transfer, the dataline must remain stable 
whenever the clock line is HIGH. Changes in the 
data line while the clock line is HIGH will be inter- 
preted as a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (see Figure 1): 


Bus not Busy (A 


Both data and clock lines remain HIGH. 


art Data Transfer (B 


A HIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All com- 
mands must be preceded by a START condition. 


Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


Data Valid (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited. | | 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: The 85C72 does not generate any acknowledge 
bits if an internal programming cycle is in progress. 


The device that acknowledges, has to pull down the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. A 
master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out of the slave. In this case, the slave 
must leave the data line HIGH to enable the master to 
generate the STOP condition. 


FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 


SDA 


Sraatraririartararcranmarirancrans 
ARK IKK 
RRR IIR) 
KIKI KIKI 
EKA K RIK KKK KKIK 
VHHIVGY,9.4,6.0,9,,6.6.6.6.6.0.0.6.9, 












START CONDITION ADDRESS ALLOWED | STOP 
— OR O CHANGE oe _ CONDITION 


ACKNOWLEDGE 
VALID 
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SLAVE ADDRESS 


The chip address inputs AO, A1 and A2 of each 85C72 
must be externally connected to either Vcc or ground 
(Vss), assigning to each 85C72 a unique 3-bit address. 
Up to eight 85C 72s may be connected to the bus. Chip 
selection is then accomplished through software by 
setting the bits AO, A1 and A2 of the slave address to the 
corresponding hardwired logic levels of the selected 
85C72. 


After generating a START condition, the bus master 
transmits the slave address consisting of a 4-bit device 
code (1010) for the 85C72, followed by the chip address 
bits AO, A1 and A2. 


The eighth bit of slave address determines if the master 
device wants to read or write to the 85C72. (See Figure 
2.) 


The 85C72 monitors the bus for its corresponding slave 
address all the time. It generates an acknowledge bit if 
the slave address was true and itis notina programming 
mode. 





FIGURE 2 - SLAVE ADDRESS 
ALLOCATION 


START READ/WRITE 


ES SLAVE ADDRESS _ 


/ \ 


\ 
/ \ 


BYTE PROGRAM MODE 


In this mode, the master sends addresses and one data 
byte to the 85C72. 


Following the START condition, the device code (4-bit), 
the slave address (3-bit), and the R/W bit, which is logic 
LOW, are placed onto the bus by the master. This 















R/W 





FIGURE 3 - PROGRAM MODE (ERASE/WRITE) 


SLAVE WORD 
START! ADDRESS } ADDRESS DATA BYTE 1 


indicates to the addressed 85C72 that a byte with a word 
address will follow after it has generated an acknowl- 
edge bit. Therefore the next byte transmitted by the 
master is the word address and will be written into the 
address pointer of the 85C72. The most significant bit of 
the word address is a"Do Not Care" value for the 85C72. 
After receiving the acknowledge of the 85C72, the 
master device transmits the data word to be written into 
the addressed memory location. The 85C72 acknowl- 
edges again and the master generates a STOP condi- 
tion. This initiates the internal programming cycle of the 
85C72. (See Figure 3.) 


PAGE PROGRAM MODE 


To program the 85C72, the master sends addresses 
and data to the 85C72 which is the slave. (See Figure 
3.) This is done by supplying a START condition fol- 
lowed by the 4-bit device code, the 3-bit slave address, 
and the R/W bit which is defined as a logic LOW for a 
write. This indicates to the addressed slave that a word 
address will follow so the slave outputs the acknowledge 
pulse to the master during the ninth clock pulse. When 
the word address is received by the 85C72, it places it in 
the lower 8 bits of the address pointer defining which 
memory location is to be written. (One " Do Not Care" bit 
and seven address bits.) The 85C 72 will generate an ac- 
knowledge after every 8 bits received and store them 
consecutively in a 2-byte RAM until a STOP condition is 
detected which initiates the internal programming cycle. 
If more than 2 bytes are transmitted by the master, the 
85C72 will terminate the writecycle. This does not affect 
erase/write cycles of the EEPROM array. 


If the master generates a STOP condition after transmit- 
ting the first data word (Point ‘P’ on Figure 3), byte pro- 
gramming mode is entered. 


The internal, completely self-timed PROGRAM cycle 
starts after the STOP condition has been generated by 
the master and all received (up to two) data bytes will be 
written in a serial manner. 


The PROGRAM cycle takes N milliseconds, whereby N 
is the number of received data bytes (N max = 2). 








ACKNOWLEDGES FROM SLAVE 


DATA BYTE N STOP 





P 
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READ MODE 


This mode illustrates master device reading data from 
the 85C72. 


As canbe seen from Figure 4, the master first sets up the 
slave and word addresses by doing a write. (Note: 
Although this is aread mode the address pointer must be 
written to.) During this period the 85C72 generates the 
necessary acknowledge bits as defined in the appropri- 
ate section. 


The master now generates another START condition 
and transmits the slave address again, except this time 
the read/write bit is set into the read mode. After the 


FIGURE 4 - READ MODE 


a oo SLAVE RECEIVER 


SLAVE 
START - ADDRESS =a ian WORD ADDRESS re ADDRESS DATA BYTE 1 i} 





PIN DESCRIPTION 
AO, A1 and A2 Chip Address Inputs 


The levels on these inputs are compared with the 





corresponding bits in the slave address. The chip is. 


selected if the compare is true. 
Up to eight 85C72s can be connected to the bus. 
These inputs must be connected to either Vss or Vcc. 


SDA Serial Address/Data Input/Output 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal. 


For normal data transfer SDA is allowed to change only 
during SCL LOW. Changes during SCL HIGH are re- 
served for indicating the START and STOP conditions. 


SCL Serial Clock 


This input is used to synchronize the aoe transfer from 


and to the device. 


slave generates the acknowledge bit, itthen outputs the 
data from the addressed location on to the SDA pin, in- 
crements the address pointer and, if it receives an ac- 
knowledge from the master, will transmit the next con- 
secutive byte. This autoincrement sequence is only 
aborted when the master sends a STOP condition in- 
stead of an acknowledge. 


Note: Ifthe master knows where the address pointer is, 


_it can begin the read sequence at point ‘R’ indicated on 


Figure 4 and save time transmitting the slave and word 
addresses. 


In all modes, the address pointer will automatically 
increment from the end of the memory block (128 Bee) 
back to the first location in that block. 


ACKNOWLEDGES FROM MASTER RECEIVER 


LAST 
DATABYTE | S/OP 





AUTO INCREMENT 
WORD ADDRESS 


NC No Connect 


This pin can be left open or used as a tie point. 


Notes: 


1) A"page" is defined as the maximum number of bytes 
that can be programmed in a single write cycle. The 
85C72 page is 2 bytes long. 


2) A"block" is defined as a continuous area of memory 
with distinct boundaries. The address pointer can not 
cross the boundary from one block to another. It will 


_ however, wrap around from the end of a block to the first 


location in the same block. The 85072 has only one 
block (1 28 bytes). 


DS11137B-6 


1-70 


© 1990 Microchip Technology Inc. 





85C7/2 





NOTES: 





© 1990 Microchip Technology Inc. | DS11137B-7 


85C72 





SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 


85C72 - /P 


PACKAGE: 


TEMPERATURE 
RANGE: 


E 


DEVICE: 85C72 
85C72T 


CERGirP 
Plastic DIP 
Plastic SOIC (0.207 mil Body) 


0° C to +70°C 
-40° C to +85° C 
-40° C to +125° C 


1K CMOS SERIAL EEPROM 
1K CMOS SERIAL EEPROM 


(in Tape & Reel) 
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85C72 


Microchip DICE FORM 
1K (128 x 8) CMOS Serial Electrically Erasable PROM 








FEATURES DESCRIPTION 

« Low power CMOS technology The Microchip Technology Inc. 85C72 is a 1K bit Elec- 
¢ Organized as one block of 128 bytes (128 x 8) trically Erasable PROM. The device is organized as 128 
* Two wire Serial interface bus x 8 bit memory with a two wire serial interface. Advanced 
* 5 volt only operation CMOS technology allows a significant reduction in power 
* Self-timed write cycle (including auto-erase) over NMOS serial devices. Up to eight 85C72s may be 
¢ Page-write buffer for up to 2 bytes - connected to the two wire bus. The 85C72 dice are 
* 1 ms write cycle time for single byte available in wafer or wafflepack. 


Available in wafer or wafflepack 
Temperature range: 
—Commercial: 0°C to +70°C 


DIE CONFIGURATION 


BLOCK DIAGRAM 


Die Size: 106 x 76 mils 


fg Slave 
Address 


Control Increment 
Logic 


AO A1 A2 
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85C72 DICE FORM 


ELECTRICAL CHARACTERISTICS 
Maximum Ratings* 


—_ PAD FUNCTION TABLE 
All inputs and outputs w.r.t. VSS... -0.3 Vto+7V | ss 
Storage temperature —..........ccssseeeeees -65°C to +150°C Function 
Ambient temp. with power applied .....-65°C to +125°C — 
Soldering temperature of leads (10 seconds) ..+300°C | AO, At, A2 Chip Address Inputs 
ESD protection on all Pins ..........cceesssecessteeeeesnees 4kV Ground 
*Notice: Stresses above those listed under “Maximum ratings” may Serial Address/Data /O 
cause permanent damage to the device. This is a stress rating only and Serial Clock 
functional operation of the device at those or any other conditions above No Function 


those indicated in the operational listings of this specification. is not | 
implied. Exposure to maximum rating conditions for extended periods +5 V Power Supply 
may affect device reliability. 





Vcc = +5 V (£10%) 
Commercial (C): Tamb = 0°C to +70°C 


Vcc detector threshold 


SCL and SDA pins: 
High level input voltage 
Low level input voltage 
Low level output voltage loL = 3.2 mA (SDA only) 


AO, Al & A2 pins: 

High level input voltage V 

Low level input voltage | V 

VIN = 0 V to Voc 

Output leakage current Vout = 0 V to Vcc 
Internal capacitance : pF Vin/VouT = 0 V (Note 1) 
(all inputs/outputs) | | | Tamb = +25°C, f=1MHz | 
Operating current a 8, - | Feik = 100 kHz, program cycle 


time = 2 ms, Vcc = 5 V, 
program cycle 7.0 - Vec=5V 7 


750 =| pA 





read cycle Vec=5V 





SDA = SCL=Vcc=5V 
(no PROGRAM active) 





Note 1: This parameter is periodically sampled and not 100% tested. 
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START and STOP conditions, while the 85C72 works as 


85C72 bDIcE FORM 


AC CHARACTERISTICS 


Parameter | Min | 
eae 


THIGH 4000 
TLOW 4700 


TF 


THD:STA 4000 
TSU:STA 4700 


THD:DAT 







a 





= 
N 


Clock frequency 100 
Clock high time 

Clock low time 

SDA and SCL rise time 
SDA and SCL fall time 


START condition hold time 


1000 
300 


After this period the first 
clock pulse is generated 


ns Only relevant for repeated 
START condition 


START condition setup time 


ae 


n 


Data input hold time 


Data input setup time TSU:DAT 250 


Data output delay time TPD 3 3500 


00 
TSu:STO 4700 


TBUF 4700 


Noise suppression time constant TI 
(SDA and SCL pins) 


See Note 1 





STOP condition setup time 


Time the bus must be free 
before a new transmission 
can start 


Bus free time 


100 


Byte or Page mode N = # 
of bytes to be written 


Program cycle time Twc ms 


iy -, 
So 





Zz 


Note 1: As transmitter the device must provide this internal minimum delay time to bridge the undefined region (min 
300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 


BUS TIMING DATA 


SCL 


‘THD:STA4—et——te| ge TLOW | 


THD:DAT (receiver) 
TSU:DAT TPD (transmitter) 


D 
/'\ 





FUNCTIONAL DESCRIPTION 


The 85C72 supports a bidirectional two wire bus and ter or receiver but the master device determines which 
data transmission protocol. A device that sends data mode is activated. 

onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 


Up to eight 85C72s can be connected to the bus, 
selected by the AO, A1 and A2 chip address inputs. 
Other devices can be connected to the bus but require 
different device codes than the 85C72 (refer to section 


Slave Address). 
slave. Both, master and slave can operate as transmit- o) 


reer err 
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85C72 DICE FORM 


BUS CHARACTERISTICS 

The following bus protocol has been defined: . The data on the line must be changed during the LOW 

- Datatransfer may be initiated only when the bus is not ues the clock signal. There is one clock pulse per 
it of data. 


busy. | 
Each data transfer is initiated with a STARTcondition 
Se :; d terminated with a STOP condition. The number of 
whenever the clock line is HIGH. Changes in the data a) 
line while the clock line is HIGH will be interpreted as the data bytes transferred between the START and 
a START or STOP condition. STOP conditions is determined by the master device 
and is theoretically unlimited. | 


- During data transfer, the data line must remain stable 


Accordingly, the following bus conditions have been 


defined (see Figure 1): Acknowl | 

Bus not B A Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 

Both data and clock lines remain HIGH. byte. The master device must generate an extra clock 


pulse which is associated with this acknowledge bit. 


Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the clock Note: The 85C72 does not generate any acknowledge 
(SCL) is HIGH determines a START condition. All bits if an internal programming cycle is in progress. 
commands must be preceded by a START condition. 
Stop Data Transfer (C) The device that acknowledges, has to pull downthe SDA 
n ee line during the acknowledge clock pulse in such a way 
ALOW to HIGH transition of the SDA line while the clock that the SDA line is stable LOW during the HIGH period 
(SCL) is HIGH determines a STOP condition. All opera- of the acknowledge related clock pulse. Of course, 
tions must be ended with a STOP condition. setup and hold times must be taken into account. A 
alid (D) : ter must signal an end of data to the slave by not 
master | 
Data Valid (D generating an acknowledge bit on the last byte that has 
The state of the data line represents valid data when, been clocked out of the slave. In this case, the slave 
after a start condition, the data line is stable for the must leave the data line HIGH to enable the master to 
duration of the HIGH period of the clock signal. generate the STOP condition. 


FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL 


Peearavatataatatarmantaratartatitarat 
ee 
ee 
Mertatatetettetateletaletateletatetetate! 


wey eg Ee way 


START CONDITION ADDRESS DATA ALLOWED STOP. 
OR TO CHANGE CONDITION 
ACKNOWLEDGE 
VALID 
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SLAVE ADDRESS 


The chip address inputs AO, A1 and A2 of each 85C72 
must be externally connected to either Vcc or ground 
(Vss), assigning to each 85C72 a unique 3-bit address. 
Up to eight 85C72s may be connected to the bus. Chip 
selection is then accomplished through software by 
setting the bits AO, A1 and A2 of the slave address to the 
corresponding hardwired logic levels of the selected 
85C72. 


After generating a START condition, the bus master 
transmits the slave address consisting of a 4-bit device 
code (1010) for the 85C72, followed by the chip address 
bits AO, A1 and A2. 


The eighth bit of slave address determines if the master 
device wants to read or write to the 85C72. (See Figure 
2.) 


The 85C72 monitors the bus for its corresponding slave 
address all the time. It generates an acknowledge bit if 
the slave address was true and itis notina programming 
mode. 





FIGURE 2 - SLAVE ADDRESS 
ALLOCATION 


START READ/WRITE 


- SLAVE ADDRESS 
\ 
\ 


/ 
i \ 


BYTE PROGRAM MODE 


In this mode, the master sends addresses and one data 
byte to the 85C72. 


Following the START condition, the device code (4-bit), 










R/W 


| FIGURE 3 - PROGRAM MODE (ERASE/WRITE) 


SLAVE WORD 
START] ADDRESS s ADDRESS DATA BYTE 1 


85C72 DICE FORM 


the slave address (3-bit), and the R/W bit, which is logic 
LOW, are placed onto the bus by the master. This 
indicates to the addressed 85C72 that a byte with a word 
address will follow after it has generated an acknowl- 
edge bit. Therefore, the next byte transmitted by the 
master is the word address and will be written into the 
address pointer of the 85C 72. The most significant bit of 
the word address is a"Do Not Care" value for the 85C72. 
After receiving the acknowledge of the 85C72, the 
master device transmits the data word to be written into 
the addressed memory location. The 85C72 acknowl- 
edges again and the master generates a STOP condi- 
tion. This initiates the internal programming cycle of the 
85C72. (See Figure 3.) 


PAGE PROGRAM MODE 


To program the 85C72, the master sends addresses 
and data to the 85C72 which is the slave (see Figure 3). 
This is done by supplying a start condition followed by 
the_4-bit device code, the 3-bit slave address, and the 
R/W bit which is defined as a logic LOW for a write. This 
indicates to the addressed slave that a word address will 
follow so the slave outputs the acknowledge pulse to the 
master during the ninth clock pulse. When the word 
address is received by the 85C72, it places it in the lower 
8 bits of the address pointer defining which memory 
location is to be written. (One do not care bit and seven 
address bits) The 85C72 will generate an acknowledge 
after every 8 bits received and store them consecutively 
in a 2-byte RAM until a stop condition is detected which 
initiates the internal programming cycle. If more than 2 
bytes are transmitted by the master, the 85C72 will 
terminate the write cycle. This does not affect erase/ 
write cycles of the EEPROM array. 


If the master generates a STOP condition after transmit- 
ting the first data word (Point ‘P’ on Figure 3), byte 
programming mode is entered. 


The internal, completely self-timed PROGRAM cycle 
starts after the STOP condition has been generated by 
the master and all received (up to 2) data bytes will be 
written in a serial manner. 








ACKNOWLEDGES FROM SLAVE 


| DATA BYTE N STOP 








: 
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85C72 DICE FORM 


READ MODE 


This mode illustrates master device Mreaelng data Ue 
the 85C72. 


As canbe seen from Figure 4, the master first sets up the 
slave and word addresses by doing a write. (Note: 
Although this is aread mode the address pointer must be 
written to.) During this period the 85C72 generates the 
necessary acknowledge bits as defined | in the appropri- 
ate section. 


The master now generates another start condition and 
transmits the slave address again, except this time the 
read/write bit is set into the read mode. After the slave 


FIGURE 4 - READ MODE 


ae ae SLAVE RECEIVER 


SLAVE SLAVE 
START. “ADDRESS TES WORD ADDRESS cre ADDRESS - DATA BYTE 1 ; 


AUTO INCREMENT 
WORD ADDRESS 


PAD DESCRIPTION 


AO, Ai and A2 Chip Address Inputs 


The levels on these inputs are compared with the 


corresponding bits in the slave address. The ene is 
selected if the compare is true. 


Up to eight 85C72s can be connected to the bus. 
These inputs must be connected to either Vss or Vcc. 


SDA Serial Address/Data Input/Output 


This is a bidirectional pad used to transfer addresses 


and data into and data out of the device. It is.an open 
drain terminal. 





generates the acknowledge bit, it then outputs the data 
from the addressed location on to the SDA pad, incre- 
ments the address pointer and, if itreceives an acknowl- 
edge from the master, will transmit the next consecutive 
byte. This autoincrement sequence is only aborted 
when the master sends a stop condition instead of an 
acknowledge. : 


Note: If the master knows where the address pointer is, 
itcan begin the read sequence at point ‘R’ indicated on 
Figure 4 and save time Hanemning the slave and word 
addresses. 


ACKNOWLEDGES FROM MASTER RECEIVER © 


LAST 
DATABYTE |S!OP 


For normal data transfer SDA is allowed to change only 
during SCL LOW. Changes during SCL HIGH are re- 
served for indicating the START and STOP conditions. 


L_ Serial Clock 


_ This input is used to synchronize the data transfer from 


and to the device. 
NF No Function 


This pad must be connected to Vss for Sorel al operation. 
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85C72 DICE FORM 


SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory _ 
or the listed sales offices. 


PART NUMBERS 


85C72 - /W 


PACKAGE: Ww DICE in WAFER 
S DICE in WAFFLEPACK 
TEMPERATURE = 0° C to 70° C 
RANGE: 
DEVICE: 85C72 1K CMOS SERIAL EEPROM 
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ne 85C82 


2K (256 x 8) CMOS Serial Electrically Erasable PROM 





FEATURES DESCRIPTION 

¢ Low power CMOS technology The Microchip Technology Inc. 85C82 is a 2K bit Elec- 
¢ Organized as one block of 256 bytes (256 x 8) trically Erasable PROM. The device is organized as 256 
* Two wire serial interface bus x 8 bit memory with a two wire Serial interface. Advanced 
¢ 5 volt only operation CMOS technology allows a significant reduction in power 
¢ Self-timed write cycle (including auto-erase) over NMOS serial devices. The 85C82 also has a page- 
¢ Page-write buffer for up to 2 bytes write capability for up to 2 bytes of data. Up to eight 
¢ 1ms write cycle time for single byte 85C82s may be connected to the two wire bus. The 
¢ 100,000 erase/write cycles 85C82 is available in standard 8-pin DIP and surface 
¢ Data retention >10 years. mount SOIC package. 


8-pin DIP or SOIC package 

Available for extended temperature ranges: 
—Commercial: 0°C to +70°C 

—Industrial: -40°C to +85°C 

—Automotive: -40°C to +125°C 


PIN CONFIGURATION BLOCK DIAGRAM 
DIP Package 


ie DATA REG. 
a 


| DATA REG. | 
is SLAVE ADR. 
OGIC 


CONTROL 


AOA1 A2 
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85C82 





ELECTRICAL CHARACTERISTICS 
Maximum Ratings* 


PIN FUNCTION TABLE 





ws | Function 
All inputs and outputs w.r.t. VSS ou... -0.3Vto+7V . : 
Storage temperature  ....... ee eeeeeeeeee -65°C to +150°C ~ AO,,A1, A2 Chip Address Inputs 
Ambient temp. with power applied .....-65°C to+125°C | Vss Ground 
Soldering temperature of leads (10 seconds) ..+300°C - SDA Serial Address/Data Input/Output 
ESD protection on all Pins «0.0... eee eeeeseeeeeeeeeeees 4kV SCL Serial Clock 
| NC No Connect 
*Notice: Stresses above those listed under “Maximum ratings” may Vcc +5 V Power Supply 


cause permanent damage to the device. Thisis a stress rating only and 
functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 


; Voc = +5 V (10%) 
DC CHARACTERISTICS | Commercial (C): Tamb = 0°C to +70°C 


Industrial (1): Tamb. = -40°C to +85°C 


Automotive (E): Tamb = -40°C to +125°C 


V 
Vcc detector threshold 28 V ra = Sarre 
SCL and SDA pins: 


High level input voltage VIH Vcc x0.7| Vcc +1 
Low level input voltage VIL 
Low level output voltage | VOL loL = 3.2 mA (SDA only) - 


V | | 
V | 
0.4 V 7 | 
AO, Al & A2 pins: . 
High level input voltage VIH Vec-0.5|Vcc+0.5| V- 
Low level input voltage VIL -0.3 0.5 V 
mA 


45 





Input leakage current VIN = 0 V to Vcc 
Output leakage current ILO VouT = 0 V to Vec 


Vin/VouT = 0 V (Note 1) 
Tamb = +25°C, f = 1 MHz 


10 
10 


3.5 


Internal capacitance CINT 
(all inputs/outputs) 


FCLK = 100 kHz, program cycle time = 2 ms, 
Vcc = 5 V, Tamb =0°C to +70°C 

FCLK = 100 kHz, program cycle time = 2 ms, 
Vcc = 5. V, Tamb = (I) and (E) 

Vcc=5V, Tamb =0°C to +70°C 

Vcc =5 V, Tamb= (I) and (E) 

read cycle -ICCR Vec=5 V, Tamb= (C), (I) and (E) 


Standby current - HA | SDA=SCL =Vcc=5 V(no PROGRAM active) 


Note 1: This parameter is periodically sampled and not 1 00% tested. 


Operating current Icco 


program cycle Iccw 





BUS TIMING START/STOP 





SCL 


i 
i 
; 
i 
| 
SDA ! 
1 
i 


Nee 


START 
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AC CHARACTERISTICS 


Parameter 









—_ 


Clock frequency FCLK 00 kHz 





4000 
4700 


Clock high time THIGH 


Clock low time TLOW 
SDA and SCL rise time 
SDA and SCL fall time 


START condition hold time 


1000 
300 


D 


THD:STA 4000 


TSU:STA 4700 


After this period the first 
clock pulse is generated 
Only relevant for repeated 
START condition 


See Note 1 


Time the bus must be free 
before a new transmission 
can start 


ms_ | Byte or Page mode N = # 
of bytes to be written 


Note 1: As transmitter the device must provide this internal minimum delay time to bridge the undefined region (min 300 
ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. | 


START condition setup time 


7 


Data input hold time THD:DAT 
250 
300 

4700 


4700 


Data input setup time TSU:DAT 





oO 


~ * 
mo) 


Data output delay time 3500 


vU 


D 
STOP condition setup time Tsu:STO 


Bus free time TBUF 






Input filter time constant 
(SDA and SCL pins) 


oS 


00 


E 


=z 


Program cycle time Twc 


BUS TIMING DATA 


THIGH 


SCL 


THD:STA—~<———> 
THD:DAT (receiver) 


TSU:DAT TPD (transmitter) 


fC 
/\ 





FUNCTIONAL DESCRIPTION slave. Both, master and slave can operate as transmit- 


ter or receiver, but the master device determines which 


The 85C82 supports a bidirectional two wire bus and ; ; 
mode is activated. 


data transmission protocol. A device that sends data 


onto the bus is defined as transmitter, and a device Up to eight 85C82s can be connected to the bus, 
receiving data as receiver. The bus has to be controlled selected by the AO, A1 and A2 chip address inputs. 
by a master device which generates the serial clock Other devices can be connected to the bus, but require 
(SCL), controls the bus access, and generates the different device codes than the 85C82 (refer to section 
START and STOP conditions, while the 85C82 works as Slave Address). 


Sr ert ne Oe SR ft A PETS EES SETA TPG 
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BUS CHARACTERISTICS 


The following bus protocol has been defined: 


- Datatransfer may be initiated only when the bus is not 
busy. . 


- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 


Accordingly, the following bus conditions have been 
defined (see Figure 1): 


Bus not Busy (A 


Both data and clock lines remain HIGH. 


Start Data Transfer (B) — 


A HIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All com- 
mands must be preceded by a START condition. 


Stop Data Transfer (C) 


A LOW to HIGH iransition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


Data Valid (D 


The state of the data line represents valid data when, 
after a start condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: The 85C82 does not generate any acknowledge 
bits if an internal programming cycle is in progress. 


The device that acknowledges, has to pull down the SDA 
line during the acknowledge clock pulse in such a way 


_ that the SDA line is stable LOW during the HIGH period 


of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. A 
master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out ofthe slave. In this case the slave must 
leave the data line HIGH to enable the master to gener- 
ate the STOP condition. 


FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 


START CONDITION oat aaa 


O 
ACKNOWLEDGE 
VALID 


DATA ALLOWED 
TO CHANGE 





(D) 


FTIR TERRE 
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SLAVE ADDRESS 


The chip address inputs AO, A1 and A2 of each 85C82 
must be externally connected to either Vcc or ground 
(Vss), assigning to each 85C82 a unique 3-bit address. 
Up to eight 85C82s may be connected to the bus. Chip 
selection is then. accomplished through software by 
setting the bits AO, A1 and A2 of the transmitted slave 
address to the corresponding hardwired logic levels of 
the selected 85C82. 


After generating a START condition, the bus master 
transmits the slave address consisting of a 4-bit device 
code (1010) for the 85C82, followed by the chip address 
bits AO, A1 and A2. 


The eighth bit of slave address determines if the master 
device wants to read or write to the 85C82. (See Figure 
2.) 


The 85C82 monitors the bus for its corresponding slave 
address all the time. It generates an acknowledge bit if 
the slave address was true and itis notina programming 
mode. 





FIGURE 2 - SLAVE ADDRESS 
ALLOCATION 


START READ/WRITE 


™s 


i SLAVE ADDRESS 
\ 
\ 







/ 






Zz \ 
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BYTE PROGRAM MODE 
In this mode the master sends addresses and one data 
byte to the 85C82. 


Following the START condition, the device code (4-bit), 
the slave address (3-bit), and the R/W bit, which is logic 








R/W 





FIGURE 3 - PROGRAM MODE (ERASE/WRITE) 


SLAVE WORD 
START! ADDRESS s ADDRESS DATA BYTE 1 


LOW, are placed onto the bus by the master. This 
indicates to the addressed 85C82 that a byte with a word 
address will follow after it has generated an acknowl- 
edge bit. Therefore, the next byte transmitted by the 
master is the word address and will be written into the 
address pointer of the 85C82. After receiving the ac- 
knowledge of the 85C82, the master device transmits 
the data word to be written into the addressed memory 
location. The 85C82 acknowledges again and the 
master generates a STOP condition. This initiates the 
internal programming cycle of the 85C82. (See Figure 
3. 


PAGE PROGRAM MODE 


To program the 85C82, the master sends addresses 
and data to the 85C82 which is the slave (see Figure 3). 
This is done by supplying aSTART condition followed by 
the _4-bit device code, the 3-bit slave address, and the 
R/W bit which is defined as a logic LOW for a write. This 
indicates to the addressed slave that a word address will 
follow so the slave outputs the acknowledge pulse to the 
master during the ninth clock pulse. When the word 
address is received by the 85C 82, it places it in the lower 
8 bits of the address pointer defining which memory 
location is to be written. The 85C82 will generate an 
acknowledge after every 8 bits received and store them 
consecutively in a 2-byte RAM until a stop condition is 
detected which initiates the internal programming cycle. 
If more than 2 bytes are transmitted by the master, the 
85C82 will terminate the write cycle. This does not affect 
erase/write cycles of the EEPROM array. 


If the master generates a STOP condition after transmit- 
ting the first data word (Point ‘P’ on Figure 3), byte pro- 
gramming mode is entered. 


The internal, completely self-timed PROGRAM cycle 
starts after the STOP condition has been generated by 
the master and all received (up to two) data bytes will be 
written in a serial manner. 


The PROGRAM cycle takes N milliseconds, whereby N 
is the number of received data bytes (N max = 2). 
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85C82_ 


READ MODE 


This mode illustrates master device reading data from 
the 85C82. . 


Ascanbe seen from Figure 4, the master first sets up the 
slave and word addresses by doing a write. (Note: 
Although this is a read mode, the address pointer must 
be written to.) During this period the 85C82 generates 
the necessary acknowledge bits as defined in the appro- 
priate section. 


The master now generates another START condition 
and transmits the slave address again, except this time 
the read/write bit is set into the read mode. After the 
slave generates the acknowledge bit, it then outputs the 


FIGURE 4 - READ MODE 


ACKNOWLEDGES FROM SLAVE RECEIVER 
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PIN DESCRIPTION 


AO, A1 and A2 Chip Address Inputs 


The levels on these inputs are compared with the 
corresponding bits in the slave address. The chip is 
selected if the compare is true. 


Up to eight 85C82s can be connected to the bus. 
These inputs must be connected to either Vss or Vcc. 


SDA Serial Address/Data Input/Output 


This is a bidirectional pin used to transfer addresses and 
data into and data out of the device. It is an open drain 
terminal. For normal data transfer SDA is allowed to 
change only during SCL LOW. Changes during SCL 
HIGH are reserved for indicating the START and STOP 
conditions. 


data from the addressed location on to the SDA pin, in- 
crements the address pointer and, if it receives an ac- 
knowledge from the master, will transmit the next con- 
secutive byte. This autoincrement sequence is only 
aborted v ‘en the master sends a STOP condition 
instead of an acknowledge. 


Note: If the master knows where the address pointer is, 
it can begin the read sequence at point ‘R’ indicated on 
Figure 4 and save time transmitting the slave and word 
addresses. 


Note: In all modes, the address pointer will automatically 
increment from the end of the memory block (256 byte) 
back to the first location in that block. 


ACKNOWLEDGES FROM MASTER RECEIVER 


LAST 
DATABYTE | STOP 





AUTO INCREMENT 
WORD ADDRESS 


SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


NC No Connect 


This pin can be left open or used as a tie point. 


Notes: 


_ 1) A"page" is defined as the maximum number of bytes 


that can be programmed in a single write cycle. The 
85C82 page is 2 bytes long. 


2) A"block" is defined as a continuous area of memory 
with distinct boundaries. The address pointer can not 
cross the boundary from one block to another. It will 
however, wrap around from the end of a block to the first 
location in the same block. The 85C82 has only one 
block (256 bytes). 
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85C8 


SALES AND SUPPORT 





To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 


85C82 - /P 


PACKAGE: CERDIP 
Plastic DIP 
Plastic SOIC (0.207 mil Body) 


TEMPERATURE _ Blank 0° C to +70° C 
RANGE: | -40°C to +85°C 
E -40°C to +125° C 


DEVICE: 85C82 2K CMOS Serial EEPROM 
85C82T 2K CMOS Serial EEPROM 
(in Tape & Reel) 
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85C82 


Microchip DICE FORM 
2K (256 x 8) CMOS Serial Electrically Erasable PROM 











FEATURES DESCRIPTION 

¢ Low power CMOS technology The Microchip Technology Inc. 85C82 is a 2K bit Elec- 
¢ Organized as one block of 256 bytes (256 x 8) trically Erasable PROM. The device is organized as 256 
¢ Two wire serial interface bus x 8 bit memory with a two wire serial interface. Advanced 
¢ 5 volt only operation CMOS technology allows a significant reduction in power 
¢ Self-timed write cycle (including auto-erase) over NMOS serial devices. The 85C82 also has a page- 
¢ Page-write buffer for up to 2 bytes write capability for up to 2 bytes of data. Up to eight 
* 1ms write cycle time for single byte 85C82s may be connected to the two wire bus. The 
¢ Available in wafer or wafflepack , 85C82 dice are available in wafer or wafflepack. 


¢ Temperature range: 
—Commercial: 0°C to +70°C 


BLOCK DIAGRAM 


DIE CONFIGURATION 


Die Size: 106 x 76 mils 


i Slave 
Address 


Control Increment 
Logic 


AO Ai A2 
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ELECTRICAL CHARACTERISTICS 
Maxim 1um Ratings* 


seks | PAD FUNCTION TABLE | 
All inputs and outputs w.r.t. VSS... -0.3 Vto+7V 
Storage temperature _.......................-65°C to +150°C Function 
Ambient temp. with power applied .....-65°C to +125°C 
Soldering temperature of leads (10 seconds) ..+300°C “AO.A1.A2 Chip Address Inputs 
ESD protection on all pins ........cccccsssesseeeeeeeeeees 4kV Vss Ground | 
“Notice: Stresses above those listed under “Maximum ratings” may SDA Serial Address/Data I/O 
cause permanent damage to the device. This is a stress rating only and SCL Serial Clock 
functional operation of the device at those or any other conditions above NF No Function 


those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 





Vcc +5 V Power Supply 


Vcc = +5 V (10%) 
DC CHARACTERISTICS Commercial (C): Tamb = 0°C to +70°C 


Parameter Conditions 
Vcc detector threshold 


SCL and SDA pins: 
High level input voltage 
Low level input voltage 
Low level output voltage 


AO, Ai & A2 pins: 
High level input voltage 
Low level input voltage 


Input leakage current 


Vin/VouT = 0 V (Note 1) 
Tamb = +25°C, f = 1 MHz 


Operating current FCLK = 100 kHz, program cycle 
Als time = 2ms, Vcc =5V, 
program cycle ; Vec=5V | 


read cycle : Vec=5V 


_| Standby current 3 | pA |SDA=SCL=Vcc=5V 
| —— (no PROGRAM active) 


Note 1: This parameter is periodically sampled and not 100% tested. 








BUS TIMING START/STOP 
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AC CHARACTERISTICS 
Parameter Symbol Min 


TLOW 4700 
Tm | 
a 









100 


ae 
N 


Clock frequency 

Clock high time 

Clock low time 

SDA and SCL rise time 
SDA and SCL fall time 
START condition hold time 


0 
1000 
300 

0 










4000 


TSU:STA 4700 


Data input hold time THD:DAT 


Data input setup time TSU:DAT 


R 
F 
After this period the first 
Data output delay time TPD 
| 
WC 


clock pulse is generated 


THD:STA 






START condition setup time Only relevant for repeated 


START condition 


3500 See Note 1 


Tsu:STO 4700 


TBUF 4700 


Noise suppression time constant T 
(SDA and SCL pins) 


STOP condition setup time 


Time the bus must be free 
before a new transmission 
can start 


Bus free time 


1 


< 
xo 


3 


di ms_ | Byte or Page mode N = # 


of bytes to be written 


Program cycle time 


_ 2 


Note 1: As transmitter the device must provide this internal minimum delay time to bridge the undefined region (min 
300 ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 





BUS TIMING DATA 


SCL 


THD:STA4]<+——t>- TLOW —— 


THD:DAT (receiver) 
TSU:DAT TPD (transmitter) 


(ne 
LN 





FUNCTIONAL DESCRIPTION 


The 85C82 supports a bidirectional two wire bus and ter or receiver but the master device determines which 
data transmission protocol. A device that sends data mode is activated. 

onto the bus is, defined as transmitter, and a device Up to eight 85C82s can be connected to the bus 
receiving data as receiver. The bus has to be controlled selected by the AO, A1 and A2 chip address inputs. 
by a master device which generates the serial clock Other devices can be connected to the bus but require 


(SCL), controls the bus access, and generates the different device codes than the 85C82 (refer to section 
START and STOP conditions, while the 85C82 works as Slave Address). aoe ( 


slave. Both, master and slave can operate as transmit- 


F i, ap 
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BUS CHARACTERISTICS 


The following bus protocol has been defined: 
- Data transfer may be initiated only when the bus is not 
busy. 


- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. 

Accordingly, the following bus conditions have been 

defined (see Figure 1): 


Bus not Busy (A) 


Both data and clock lines remain HIGH. 
tart Data Transfer (B 


A HIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All 
commands must be preceded by a START condition. 


Stop Data Transfer (C) 


A LOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


Data Valid (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: The 85C82 does not generate any acknowledge 
bits if an internal programming cycle is in progress. 


The device that acknowledges, has to pulldownthe SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. A 
master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out of the slave. In this case the slave must 
leave the data line HIGH to enable the master to gener- 
ate the STOP condition. | 


FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS BUS 


START CONDITION on 


O 
ACKNOWLEDGE 
VALID 





DATA ALLOWED 
TO CHANGE 


BYXAXXXXRKAX APN AX AANA 
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weet gy 


STOP 
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SLAVE ADDRESS 


The chip address inputs AO, A1 and A2 of each 85C82 
must be externally connected to either Vcc or ground 
(Vss), assigning to each 85C82 a unique 3-bit address. 
Up to eight 85C82s may be connected to the bus. Chip 
selection is then accomplished through software by 
setting the bits AO, A1 and A2 of the transmitted slave 
address to the corresponding hardwired logic levels of 
the selected 85C82. 


After generating a START condition, the bus master 
transmits the slave address consisting of a 4-bit device 
code (1010) for the 85C82, followed by the chip address 
bits AO, A1 and A2. 


The eighth bit of slave address determines if the master 
device wants to read or write to the 85C82. (See Figure 
2.) 


The 85C82 monitors the bus for its corresponding slave 
address all the time. It generates an acknowledge bit if 
the slave address was true and itis notina programming 
mode. 







FIGURE 2 - SLAVE ADDRESS 
ALLOCATION 


START READ/WRITE 


a SLAVE ADDRESS 
\ 
\ 


ye 
/ \ 


BYTE PROGRAM MODE 


in this mode the master sends addresses and one data 
byte to the 85C82. 





FIGURE 3 - PROGRAM MODE (ERASE/WRITE) 


SLAVE WORD ; 
START ADDRESS i ADDRESS DATA BYTE 1 


R/W 


85C82 bIcE FORM 


Following the START condition, the device code (4-bit), 
the slave address (3-bit), and the R, W bit, which is logic 
LOW, are placed onto the bus by the master. This 
indicates to the addressed 85C82 that a byte with a word 
address will follow after it has generated an acknowl- 
edge bit. Therefore, the next byte transmitted by the 
master is the word address and will be written into the 
address pointer of the 85C82. After receiving the 
acknowledge of the 85C82, the master device transmits 
the data word to be written into the addressed memory 
location. The 85C82 acknowledges again and the 
master generates a STOP condition. This initiates the 
internal programming cycle of the 85C82. (See Figure 


3.) 
PAGE PROGRAM MODE 


To program the 85C82, the master sends addresses 
and data to the 85C82 which is the slave (see Figure 3). 
This is done by supplying a start condition followed by 
the 4-bit device code, the 3-bit slave address, and the 
R/W bit which is defined as a logic LOW for a write. This 
indicates to the addressed slave that a word address will 
follow so the slave outputs the acknowledge pulse to the 
master during the ninth clock pulse. When the word 
address is received by the 85C 82, it places it in the lower 
8 bits of the address pointer defining which memory 
location is to be written. The 85C82 will generate an 
acknowledge after every 8 bits received and store them 
consecutively in a 2-byte RAM until a STOP condition is 
detected which initiates the internal programming cycle. 
If more than 2 bytes are transmitted by the master, the 
85C82 will terminate the write cycle. This does not affect 
erase/write cycles of the EEPROM array. 


If the master generates a STOP condition after transmit- 
ting the first data word (Point ‘P’ on Figure 3), byte 
programming mode is entered. 


The internal, completely self-timed PROGRAM cycle 
starts after the STOP condition has been generated by 
the master and all received (up to 2) data bytes will be 
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READ MODE 


This mode illustrates master device reading data from 
the 85C82. , 


As canbe seen from Figure 4, the master first sets up the 
slave and word addresses by doing a write. (Note: 
although this is aread mode the address pointer must be 
written to.) During this period the 85C82 generates the 
necessary acknowledge bits as defined | in the appropri- 
ate section. 


The master now generates another START condition 
and transmits the slave address again, except this time 
the read/write bit is set into the read mode. After the 
slave generates the acknowledge bit, it then outputs the 
data from the addressed location on to the SDA pad, 


FIGURE 4 - READ MODE 


So FROM aa RECEIVER 


START Poa TE WORD ADDRESS re AO DALES DATA BYTE 1 ; 





PAD DESCRIPTION 
AQ, A1 and A2 Chip Address Inputs 


The levels on these inputs are compared with the 
corresponding bits in the slave address. The chip is 
selected if the compare is true. 


Up to eight 85C82s can be connected to the bus. 
These inputs must be connected to either Vss or Vcc. 


SDA Serial Address/Data Input/O t 


This is a bidirectional pad used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal. 


increments the address pointer and, if it receives an 
acknowledge from the master, will transmit the next 
consecutive byte. This autoincrement sequence is only 
aborted when the master sends a STOP condition 
instead of an acknowledge. 


Note: If the master knows where the address pointer is, 
it can begin the read sequence at point ‘R’ indicated on 
Figure 4 and save time transmitting the slave and word 
addresses. 


Note: In all modes, the address pointer will automati- 
cally increment from the end of the memory block (256 
bytes) back to the first location in that block. 7 


ACKNOWLEDGES FROM MASTER RECEIVER 





LAST. 
DATABYTE | S!OP 


AUTO INCREMENT 
WORD ADDRESS 


For normal data transfer SDA is allowed to change only 
during SCL LOW. Changes during SCL HIGH are re- 
served for indicating the START and STOP conditions. 


SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


NF No Function 


This pad must be connected to Vss for normal operation. 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 


85C82 - /W 


PACKAGE: DICE in WAFER 
DICE in WAFFLEPACK 


TEMPERATURE ° : 
RANGE: 0° C to 70° C 


DEVICE: 2K CMOS SERIAL EEPROM 





€ é 
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FEATURES DESCRIPTION 

¢ Low power CMOS technology The Microchip Technology Inc. 85C92 is a 4K bit Elec- 
¢ Organized as two blocks of 256 bytes (2 x 256 x 8) trically Erasable PROM. The device is organized as two 
¢ Two wire serial interface bus blocks of 256 x 8 bit memory with a two wire serial 
¢ 5 volt only operation interface. Advanced CMOS technology allows a signifi- 
* Self-timed write cycle (including auto-erase) cant reduction in power over NMOS serial devices. The 
* Page-write buffer for up to 8 bytes 85C92 also has a page-write capability for up to 8 bytes 
* ims write cycle time for single byte of data. Up to four 85C92s may be connected to the two 
¢ 100,000 erase/write cycles wire bus. The 85C92 is available in the standard 8-pin 
¢ Data retention >10 years DIP and a surface mount SOIC package. 


8-pin DIP or SOIC package 

Available for extended temperature ranges: 
—Commercial: 0°C to +70°C 

—Industrial: -40°C to +85°C 

—Automotive: -40°C to +125°C 


BLOCK DIAGRAM 


PIN CONFIGURATION 
DIP Package 


a 
et Slave Addr. 


7} = Control 
Logic 


AO Ai A2 
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ELECTRICAL CHARACTERISTICS PIN FUNCTION TABLE 


Maximum Ratings* | Function 


All inputs and outputs w.r.t. VSS ................-0.3 V to +7 V Ne incliaa. - Mua becehnecied is 
Storage temperature ow... -65°C to +150°C Vcc or VSS ‘ 


Ambient temp. with power applied .....-65°C to +125°C 
Soldering temperature of leads (10 seconds) ..+300°C 
ESD protection on alll pins ......cscsssessesesseeeeeteee 4kV Ground 

Serial Address/Data I/O 


Chip address Inputs — 


“Notice: Stresses above those listed under “Maximum ratings” may 


cause permanent damage to the device. This is a stress rating only and Serial Clock 
functional operation of the device at those or any other conditions above No Connect 
those indicated in the operational listings of this specification is not — 





implied. Exposure to maximum rating conditions for extended periods +5 V Power Supply | 
may affect device reliability. | 


Vec = +5 V (+10%) 
: Commercial (C): Tamb= 0°C to +70°C 
DC CHARACTERISTICS industrial (1): Tamb = -40°C to +85°C 


| Automotive : Tamb = -40°C to +125°C 
Parameter Symbol | Min | 


Conditions 


Vcc detector threshold | vn | 28 | 45 


SCL and SDA pins: 
High level input voltage VIH Vcc x 0.7 
Low level input voltage VIL -0.3 
Low level output voltage VOL 
A1 & A2 pins: 
High level input voltage Vec -0.5 | Vcc +0.5 
Low level input voltage -0.3 0.5 


Input leakage current Sedona 
Output leakage current 


Internal capacitance CINT 
(all inputs/outputs) 


Operating current Icco 


lo. = 3.2 mA (SDA only) 


VIN = 0 V to Vcc 
VouT = 0 V to Vee 


pF Vin/VouT = 0 V (Note 1) 
TAMB = 25°C, f = 1 MHz 


OV 

V 

V 

V 

V 
ai 
bt on 
Laie 


FCLK = 100 kHz, program cycle 
time = 2 ms, Vcc =5V, 

Tamb = 0°C to +70°C 

FCLK = 100 kHz, program cycle 
time = 2 ms, Vcc =5 V, 

Tamb = (I) and (E) 

Vcc =5 V, Tamb =0°C to +70°C 
Vcc =5 V, Tamb= (I) and (E) 
Vcc =5 V, Tamb= (C), (I) and (E) 


~ program cycle 


read cycle 
Standby current SDA = SCL=Vcc=5V 
| (no PROGRAM active) 
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Parameter Symbol 





Clock frequency FCLK 
Clock high time THIGH 
Clock low time TLOW 
SDA and SCL rise time 
SDA and SCL fall time 


START condition hold time 


a 






THD:STA 


START condition setup time TSU:STA 


Data input hold time THD:DAT 


Data input setup time 


— 
Uv 


Data output delay time D 


STOP condition setup time TSU:STO 


Bus free time TBUF 


Input filter time constant 
(SDA and SCL pins) 


Program cycle time Twe 


4000 
4700 


4000 


4700 


TSU:DAT 250 
30 
4700 
4700 


x a 
©} 


85C92 


— 
oO 
© 
~~ 
— 
N 


After this period the first 
clock pulse is generated 


Only relevant for repeated 
START condition 


_ " 





See Note 1 


Time the bus must be free 
before a new transmission 


can start | 
N N ms_ | Byte or Page mode N = # 


of bytes to be written 





Note 1: As transmitter the device must provide this internal minimum delay time to bridge the undefined region (min 300 
ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 


BUS TIMING DATA 


SCL 


THD:STA—|~<al=—p>- 


TSU:DAT 


THD:DAT (receiver) 
TPD (transmitter) 


/ 
/\\ 


FUNCTIONAL DESCRIPTION 


The 85C92 supports a bidirectional two wire bus and 
data transmission protocol. A device that sends data 
onto the bus is defined as transmitter, and a device 
receiving data as receiver. The bus has to be controlled 
by a master device which generates the serial clock 
(SCL), controls the bus access, and generates the 
START and STOP conditions, while the 85C92 works as 
slave. Both, master and slave can operate as transmit- 





ter or receiver but the master device determines which 
mode is activated. 


Up to four 85C92s can be connected to the bus, selected 
by the A1 and A2 chip address inputs. AO must be tied 
to Vcc or Vss. Other devices can be connected to the 
bus but require different device codes than the 85C92 
(refer to section Slave Address). | 


rh . . 
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BUS CHARACTERISTICS 


The following bus protocol has been defined: 


- Datatransfer may be initiated only when the bus is not 
busy. 


- During data transfer, the data line must remain stable 
whenever the clock line is HIGH. Changes in the data 
line while the clock line is HIGH will be interpreted as 
a START or STOP condition. © 


Accordingly, the following bus conditions have been de- 
fined (see Figure 1): 


Bus not Busy (A) 


Both data and clock lines remain HIGH. 


Start Data Transfer (B) 


A HIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All com- 
mands must be preceded by a START condition. 


Stop Data Transfer ( C) 


ALOW to HIGH transition of the SDA line while the clock 
(SCL) is HIGH determines a STOP condition. All opera- 
tions must be ended with a STOP condition. 


Data Valid (D) 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


The data on the line must be changed during the LOW 
period of the clock signal. There is one clock pulse per 
bit of data. 


Each data transfer is initiated with a START condition 
and terminated with a STOP condition. The number of 
the data bytes transferred between the START and 
STOP conditions is determined by the master device 
and is theoretically unlimited. 


Acknowledge 


Each receiving device, when addressed, is obliged to 
generate an acknowledge after the reception of each 
byte. The master device must generate an extra clock 
pulse which is associated with this acknowledge bit. 


Note: The 85C92 does not generate any acknowledge 
bits if an internal programming cycle is in progress. 


The device that acknowledges, has to pulldown the SDA 
line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
setup and hold times must be taken into account. A 
master must signal an end of data to the slave by not 
generating an acknowledge bit on the last byte that has 
been clocked out of the slave. In this case, the slave 
must leave the data line HIGH to enable the master to 
generate the STOP condition. 


FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 


(A) , (B) 2 (D) 
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SLAVE ADDRESS 
The chip address inputs A1 and A2 of each 85C92 must 


be externally connected to either Vcc or ground (Vss), — 


assigning to each 85C92 a unique 2-bit address. Up to 
four 85C92s may be connected to the bus. Chip selec- 
tion is then accomplished through software by setting 
the bits A1 and A2 of the slave address to the corre- 
sponding hardwired logic levels of the selected 85C92. 
AO is not used and must be connected to either Vcc or 
Vss. 


After generating a start condition, the bus master trans- 
mits the slave address consisting of a 4-bit device code 
(1010) for the 85C92, followed by the chip address bits 
Ai and A2. The seventh bit of that byte (BA) is used to 
select the upper block (addresses 100—1FF) or lower 
page (addresses 000—OFF) of the 85C92. 


The eighth bit of slave address determines if the master 
device wants to read or write to the 85C92. (See Figure 
2.) 


The 85C92 monitors the bus for its corresponding slave 
address all the time. It generates an acknowledge bit if 
the slave address was true anditis notina programming 
mode. 





FIGURE 2 - SLAVE ADDRESS 
ALLOCATION 


START READ/WRITE 


C4 SLAVE ADDRESS 
N 


j \ 
vA \ 


BYTE PROGRAM MODE 


in this mode the master sends addresses and one data 
byte to the 85C92. 






Following the START condition, the device code (4-bit), 
the slave address (3-bit), and the R/W bit, which is logic 





R/W 





FIGURE 3 - PROGRAM MODE (ERASE/WRITE) 


SLAVE WORD . 
START ADDRESS i ADDRESS DATA BYTE 1 


LOW, are placed onto the bus by the master. This 
indicates to the addressed 85C92 that a byte with a word 
address will follow after it has generated an acknowl- 
edge bit. Therefore the next byte transmitted by the 
master is the word address and will be written into the 
address pointer of the 85C92. After receiving the ac- 
knowledge of the 85C92, the master device transmits 
the data word to be written into the addressed memory 
location. The 85C92 acknowledges again and the 
master generates a STOP condition. This initiates the 
internal programming cycle of the 85C92. (See Figure 
3. 


PAGE PROGRAM MODE 


To program the 85C92, the master sends addresses 
and data to the 85C92 which is the slave (see Figure 3). 
This is done by supplying a START condition followed by 
the 4-bit device code, the 3-bit slave address, and the 
R/W bit which is defined as a logic LOW for a write. This 
indicates to the addressed slave that a word address will 
follow so the slave outputs the acknowledge pulse to the 
master during the ninth clock pulse. When the word 
address is received by the 85C92, it places it in the lower 
8 bits of the address pointer defining which memory lo- 
cation is to be written. (The BA bit transmitted with the 
slave address is the ninth bit of the address pointer.) The 
85C92 will generate an acknowledge after every 8 bits 
received and store them consecutively in an 8-byte RAM 
until a STOP condition is detected which initiates the 
internal programming cycle. If more than 8 bytes are 
transmitted by the master, the 85C92 will roll over and 
overwrite the data beginning with the first received byte. 
This does not affect erase/write cycles of the EEPROM 
array and is accomplished as a result of only allowing 
the address registers bottom 3 bits to increment while 
the upper 5 bits remain unchanged. 


If the master generates a STOP condition after transmit- 
ting the first data word (Point ‘P’ on Figure 3), byte pro- 
gramming mode is entered. 


The internal, completely self-timed PROGRAM cycle 
starts after the STOP condition has been generated by 
the master and all received (up to 8) data bytes will be 
written in a serial manner. 


The PROGRAM cycle takes N milliseconds, whereby N 
is the number of received data bytes (N max = 8). 












ACKNOWLEDGES FROM SLAVE 


DATA BYTE N STOP 
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READ MODE 


This mode illustrates master device reading data from 
the 85C92. 


Ascan be seen from Figure 4, the master first sets up the | 


slave and word addresses by doing a write. (Note: 
Although this is a read mode, the address pointer must 
be written to.) During this period the 85C92 generates 
the necessary nenoM iene bits as defined in the appro- 
priate: section. 


The master now aneraies another START condition 
and transmits the slave address again, except this time 
the read/write bit is set into the read mode. After the 
slave generates the acknowledge bit, it then outputs the 


FIGURE 4 - READ MODE 


Earner ne SLAVE RECEIVER 


SLAVE SLAVE 
START ADDRESS iia WORD ADDRESS i ADDRESS DATA BYTE 1 } 





PIN DESCRIPTION 
i 


This pin must be connected to either Vcc or VSs. 


Ai, A2 Chip Address Inputs 


The levels on these inputs are compared with the 
corresponding bits in the slave address. The chip is 
selected if the compare is true. 


Up to four 85C92s can be connected to the bus. 


These inputs must be connected to either Vss or Vcc. 


3DA Serial Address/Data Input/Output 
This is a bidirectional pin used to transfer addresses and 


data into and data out of the device. It is an open drain 
terminal. 


For normal data transfer SDA is allowed to change only 
during SCL LOW. Changes during SCL HIGH are re- 
served for indicating the START and STOP conditions. 


data from the addressed location on to the SDA pin, in- 
crements the address pointer and, if it receives an ac- 
knowledge from the master, will transmit the next con- 
secutive byte.. This autoincrement sequence is only 
aborted when the master sends a STOP condition 
instead of an acknowledge. 


Note: If the master knows where the address pointer is, 
it can begin the read sequence at point ‘R’ indicated on 
Figure 4 and save time enemiting the slave and word 
addresses. | | 


In all modes, the address pointer will not increment 
through ablock (256 byte) boundary but will wrap around 
to the first location in that block. 


ACKNOWLEDGES FROM MASTER RECEIVER 


LAST 
DATABYTE | S!OP 


AUTO INCREMENT 
WORD ADDRESS 





SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


NC No Connect — 


This pin can be left open or used as a tie point. 


Notes: 


1) A "page" is defined as the maximum number of 
bytes that can be programmed in a single write cycle. 
The 85C92 page is 8 bytes long. | 


2) A "block" is defined as a continuous area of 
memory with distinct boundaries. The address pointer 


can not cross the boundary from one block to another. 


It will however, wrap around from the end of a block to 
the first location in the same block. The 85C92 has 
two blocks, 256 bytes each. 
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85C92 


SALES AND SUPPORT 





To order or to obtain information, e. g., On pricing or Eee: please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 


85C92 - /P 


PACKAGE: CERDIP 
P Plastic DIP 
Plastic SOIC (0.207 mil Body) 


-40° C to +85° C 
E  -40°C to +125°C 


TEMPERATURE Blank 0°Cto+70°C 
RANGE: | 


DEVICE: 85C92 4K CMOS Serial EEPROM 
85C92T 4K CMOS Serial EEPROM 
(in Tape & Reel) 
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Microchip DICE FORM 





FEATURES DESCRIPTION 

¢ Low power CMOS technology The Microchip Technology Inc. 85C92 is a 4K bit Elec- 
* Organized as two blocks of 256 bytes (2 x 256 x 8) trically Erasable PROM. The device is organized as two 
* Two wire serial interface bus blocks of 256 x 8 bit memory with a two wire serial 
* 5 volt only operation interface. Advanced CMOS technology allows a signifi- 


* Self-timed write cycle (including auto-erase) 
¢ Page-write buffer for up to 8 bytes 


cant reduction in power over NMOS serial devices. The 
85C92 also has a page-write capability for up to 8 bytes 
* 1ms write cycle time for single byte of data. Up to four 85C92s may be connected to the two 
* Available in wafer or wafflepack wire bus. The 85C92 dice are available in wafer or 
* Temperature range: wafflepack package. 

—Commercial: 0°C to +70°C 


DIE CONFIGURATION BLOCK DIAGRAM 


Die Size: 113 x 76 mils 


ial Slave 
Address 


Logic 


AO Al A2 
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ELECTRICAL CHARACTERISTICS 


PAD FUNCTION TABLE 
Maximum Ratings* ; 
| “ | | Function 
All. inputs and outputs w.r.t. VSS... -0.3Vto+7V_ 3 
Storage temperature —...............:ee -65°C to+150°C AO. A1. A2 hip Ad hou 
Ambient temp. with power applied .....-65°C to +125°C ears enlp clers le a 
Soldering temperature of leads (10 seconds)..4300°C —Ss—'|{|_—sCVSS Ground 
ESD protection on all PINS ............cccesesesssssereeeees 4kV SDA Serial Address/Data /O 
*Notice: Stresses above those listed under “Maximum ratings” may SCL Serial Clock 


cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at those or any other conditions 


NF | No Function 


above those indicated in the operational listings of this specification is Vcc +5 V Power Supply 
not implied. Exposure to maximum rating conditions for extended ; 
periods may affect device reliability. 

















DC CHARACTERISTICS | Voc = +5V (10%) 


Commercial: Tamb = 0° C to +70°C 
Symbol | Min | 
Vcc detector threshold 


2.8 
VIH Vcc x 0.7 V 
VIL -0.3 V 
VOL V loL = 3.2 mA (SDA only) 
VIH Voc -0.5 | Vcc + 0.5 V 
VIL -0.3 0.5 V 


Input leakage current VIN=OVtoVcc |. 
Output leakage current —  ILo VouT = 0 V to Vcc 


Internal capacitance CINT 7.0 pF | Vin/VouT = 0 V (Note 1) 
(all inputs/outputs) Tamb = +25°C, f = 1 MHz 


Operating current Icco mA Fotk = 100 kHz, program cycle 
time = 2 ms, Vcc =5V, 
Iccw mA Vec=5V 
| read cycle ICCR LA Vec=5V 
Standby current Iccs 100 wA |SDA=SCL=Vcc=5V 
—_ : | (no PROGRAM active) | 


Note 1: This parameter is periodically sampled and not 100% tested. 





















a 





SCL and SDA pins: 
High level input voltage 
Low level input voltage 
Low level output voltage | 










AO, A1 & A2 pins: 
High level input voltage 
Low level input voltage 


























program cycle 


















BUS TIMING START/STOP 


STOP 
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AC CHARACTERISTICS 










Parameter Symbol Remarks 





—_h 


Clock frequency FCLK 0 kHz 





4000 
4700 


THIGH 





Clock high time 
Clock low time TLOw 
SDA and SCL rise time 
SDA and SCL fall time 


START condition hold time 





0 
1000 
00 


D 


After this period the first 
clock pulse is generated 


Only relevant for repeated 
START condition 


Time the bus must be free 
before a new transmission 


1¢) 


THD:STA 4000 


START condition setup time TSU:STA 4700 


Data input hold time THD:DAT 


< 
me) 


TSU:DAT 250 
30 
4700 
4700 


Data input setup time 


oO 


P 3500 


Oo 


Data output delay time 











STOP condition setup time TSU:STO 


Bus free time TBUF 


_ TT 


can start 
Noise suppression time constant T 100 ns 
(SDA and SCL pins) 
Program cycle time WC .7N N ms Byte or Page mode N = # 


of bytes to be written 








Note 1: As transmitter the device must provide this internal minimum delay time to bridge the undefined region (min 300 
ns) of the falling edge of SCL to avoid unintended generation of START or STOP conditions. 


BUS TIMING DATA 


SCL 


THD:STA4~—<-—t-| [<a-—— TLOW ——t| 


THD:DAT (receiver) 
TSU:DAT TPD (transmitter) 


FX 
ZN 





FUNCTIONAL DESCRIPTION 


The 85C92 supports a bidirectional two wire bus and ter or receiver but the master device determines which 


data transmission protocol. A device that sends data mode is activated. 

onto the bus is defined as transmitter, and a device 

receiving data as receiver. The bus has to be controlled Up to four 85C92s can be connected to the bus, selected 
by a master device which generates the serial clock by the A1 and A2 chip address inputs. AO must be tied 
(SCL), controls the bus access, and generates the to Vcc or Vss. Other devices can be connected to the 
START and STOP conditions, while the 85C92 works as bus but require different device codes than the 85C9 
slave. Both, master and slave can operate as transmit- (refer to section Slave Address). : 
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BUS CHARACTERISTICS 
The following bus protocol has been defined: The data on the line must be changed during the LOW 
oO | period of the clock signal. There is one clock pulse per 
- Data transfer may be initiated only when the bus is bit of data. 
notbusy. > 
Each data transfer is initiated with a start condition and 
- During data transfer, the dataline must remain terminated with a stop condition. The number of the data 
stable whenever the clock line is HIGH. Changes bytes transferred between the start and stop conditions 
in the data line while the clock line is HIGH will be is determined by the master device and is theoretically 
interpreted as a START or STOP condition. unlimited. 
Accordingly, the following bus conditions have been Acknowledge 


defined (see Figure 1): | 
Each receiving device, when addressed, is obliged to 


Bu not Busv (A generate an acknowledge after the reception of each 
Bus not Busy (A) byte. The master device must generate an extra clock 
Both data and clock lines remain HIGH. pulse which is associated with this acknowledge bit. 
Start Data Transfer (B) Note: The 85C92 does not generate any acknowledge 
bits if an internal programming cycle is in progress. 
A HIGH to LOW transition of the SDA line while the clock 
(SCL) is HIGH determines a START condition. All The device that acknowledges, has to pulldownthe SDA 
commands must be preceded by a START condition. line during the acknowledge clock pulse in such a way 
that the SDA line is stable LOW during the HIGH period 
of the acknowledge related clock pulse. Of course, 
Stop Data Transfer (C) setup and hold times must be taken into account. A 
A LOW to HIGH transition of the SDA line while the clock master must signal an end of data to the slave by not 
(SCL) is HIGH determines a STOP condition. All opera- generating an acknowledge bit on the last byte that has 
tions must be ended with a STOP condition. been clocked out of the slave. In this case the slave must 
leave the data line HIGH to enable the master to gener- 
Data Valid (D) ate the STOP condition. 


The state of the data line represents valid data when, 
after a START condition, the data line is stable for the 
duration of the HIGH period of the clock signal. 


FIGURE 1 - DATA TRANSFER SEQUENCE ON THE SERIAL BUS 


en 
a 
EXXXXRXXK + *, ’' , Ms % X % + yy A ,' Y) AJ 
a 


ta al 


START CONDITION ADDRESS DATA ALLOWED STOP. 
OR TO CHANGE CONDITION 
ACKNOWLEDGE | | 
VALID 
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SLAVE ADDRESS 


The chip address inputs A1 and A2 of each 85C92 must 
be externally connected to either Vcc or ground (Vss), 
assigning to each 85C92 a unique 2-bit address. Up to 
four 85C92s may be connected to the bus. Chip selec- 
tion is then accomplished through software by setting 
the bits A1 and A2 of the slave address to the corre- 
sponding hardwired logic levels of the selected 85C92. 
AO is not used and must be connected to Vcc or Vss. 


After generating a START condition, the bus master 
transmits the slave address consisting of a 4-bit device 
code (1010) for the 85C92, followed by the chip address 
bits A1 and A2. The seventh bit of that byte (PA) is used 
to select the upper page (addresses 100—1FF) or lower 
page (addresses 000—OFF) of the 85C92. 


The eighth bit of slave address determines if the master 
device wants to read or write to the 85C92. (See Figure 
2.) 


The 85C92 monitors the bus for its corresponding slave 
address all the time. It generates an acknowledge bit if 
the slave address was true and itis notina programming 
mode. 





FIGURE 2 - SLAVE ADDRESS 
ALLOCATION 


READ/WRITE 






START 


Ls SLAVE ADDRESS 
/ \ 


\ 
- \ 


BYTE PROGRAM MODE 


In this mode the master sends addresses and one data 
byte to the 85C92. 





Following the START condition, the device code (4-bit), 
the slave address (3-bit), and the R/W bit, which is logic 
LOW, are placed onto the bus by the master. This 


FIGURE 3 - PROGRAM MODE (ERASE/WRITE) 


SLAVE WORD 
START] ADDRESS i, ADDRESS DATA BYTE 1 


R/W 
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indicates to the addressed 85C92 that a byte with a word 
address will follow after it has generated an acknowl- 
edge bit. Therefore, the next byte transmitted by the 
master is the word address and will be written into the 
address pointer of the 85C92. After receiving the 
acknowledge of the 85C92, the master device transmits 
the data word to be written into the addressed memory 
location. The 85C92 acknowledges again and the 
master generates a STOP condition. This initiates the 
internal programming cycle of the 85C92. (See Figure 
3.) 


PAGE PROGRAM MODE 


To program the 85C92, the master sends addresses 
and data to the 85C92 which is the slave (see Figure 3). 
This is done by supplying a start condition followed by 
the 4-bit device code, the 3-bit slave address, and the 
R/W bit which is defined as a logic LOW for a write. This 
indicates to the addressed slave that a word address will 
follow so the slave outputs the acknowledge pulse to the 
master during the ninth clock pulse. When the word 
address is received by the 85C92, it places it in the lower 
8 bits of the address pointer defining which memory 
location is to be written. (The PA bit transmitted with the 
slave address is the ninth bit of the address pointer.) The 
85C92 will generate an acknowledge after every 8 bits 
received and store them consecutively in an 8-byte RAM 
until a STOP condition is detected which initiates the 
internal programming cycle. If more than 8 bytes are 
transmitted by the master, the 85C92 will roll over and 
overwrite the data beginning with the first received byte. 
This does not affect erase/write cycles of the EEPROM 
array and is accomplished as a result of only allowing 
the address registers bottom 3 bits to increment while 
the upper 5 bits remain unchanged. 


Ifthe master generates a STOP condition after transmit- 
ting the first data word (Point ‘P’ on Figure 3), byte 
programming mode is entered. 


The internal, completely self-timed PROGRAM cycle 
starts after the STOP condition has been generated by 
the master and all received (up to 8) data bytes will be 
written in a serial manner. 


The PROGRAM cycle takes N milliseconds, whereby N 
is the number of received data bytes (N max = 8). 


ACKNOWLEDGES FROM SLAVE 
DATA BYTE N STOP 
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READ MODE 


This mode illustrates master device reading data from 
the 85C92. 


As canbe seen from Figure 4, the master first sets up the 
slave and word addresses by doing a write. (Note: 
although this is aread mode the address pointer must be 
written to.) During this period the 85C92 generates the 
necessary acknowledge bits as defined in the appropri- 
ate section. 


The master now generates another START condition 
and transmits the slave address again, except this time 
the read/write bit is set into the read mode. After the 
slave generates the acknowledge bit, it then outputs the 


FIGURE 4 - READ MODE 


ACKNOWLEDGES FROM SLAVE RECEIVER 


SLAVE SLAVE 
START] anppRESS WORD ADDRESS Herr ADDRESS DATA BYTE 1 
R/W R R/W 





PAD DESCRIPTION 
AO 


| This pad must be connected to either Vcc or Vss. 


Ai, A2 Chip Address Inputs 


The levels on these inputs are compared with the 
corresponding bits in the slave address. The chip is 
selected if the compare is true. 


Up to four 85C92s can be connected to the bus. 
These inputs must be connected to either Vcc or Vss. 


SDA Serial Address/Data Input/Output 


This is a bidirectional pad used to transfer addresses 
and data into and data out of the device. It is an open 
drain terminal. 


For normal data transfer SDA is allowed to change only 
during SCL LOW. Changes during SCL HIGH are re- 
served for indicating the START and STOP conditions. 


data from the addressed location on to the SDA pad, 
increments the address pointer and, if it receives an 
acknowledge from the master, will transmit the next 
consecutive byte. This autoincrement sequence is only 
aborted when the master sends a STOP condition 
instead of an acknowledge. 


Note: If the master knows where the address pointer is, 
it can begin the read sequence at point ‘R’ indicated on 
Figure 4 and save time transmitting the slave and word 
addresses. 


Note: In all modes, the address pointer will never 
automatically increment through a block (256 byte) 
boundary but will rotate back to the first location in that 
block. 


ACKNOWLEDGES FROM MASTER RECEIVER 


LAST 
DATABYTE | S!OP 





AUTO INCREMENT 
WORD ADDRESS 


SCL Serial Clock 


This input is used to synchronize the data transfer from 
and to the device. 


NF No Function 


This pad must be connected to Vss for normal operation. 
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NOTES: 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. my 


PART NUMBERS 


85C92 - /W 


— PACKAGE: W DICE in WAFER 
S DICE in WAFFLEPACK 
TEMPERATURE — OCto70°C 
RANGE: 
DEVICE: 85092 4K CMOS SERIAL EEPROM 
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Microchip 


93C06 





256 Bits (16 X 16) CMOS Serial Electrically Erasable PROM 





FEATURES 


Low power CMOS technology 

16 x 16 bit memory organization 
Single 5 volt only operation 
Self-timed ERASE and WRITE cycles 
Automatic ERASE before WRITE 
Power on/off data protection circuitry 
100,000 ERASE/WRITE cycles 

Data Retention > 10 Years 

8-pin DIP or SOIC package 

Available for extended temperature ranges: 
— Commercial: 0°C to +70°C 

— Industrial: -40°C to +85°C 

— Automotive: -40°C to +125°C 


PIN CONFIGURATION 
DIP Package 





DESCRIPTION 


The Microchip Technology Inc. 93C06 is a 256 bit serial 
Electrically Erasable PROM. The device memory is con- 
figured as 16 x 16 bits. Advanced CMOS technology 
makes this device ideal for low power non-volatile memory 
applications. The 93C06 is available in the standard 8- 
pin DIP and a surface mount SOIC package. 






BLOCK DIAGRAM 















MEMORY 
ARRAY 
16x 16 


DATA REGISTER 
i 


DECODE 
LOGIC 











ADDRESS 
DECODER 






OUTPUT 
BUFFER 










CLOCK — 
GENERATOR 
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93C06 | - 
ELECTRICAL CHARACTERISTICS | PINFUNCTIONTABLE 


Maximum Ratings* 










Function 











All inputs and outputs w.r.t. VSS... -0.3 V to +7.0 V : 7 

Storage temperature.............. ended -65°C to +150°C. © cs a Chip Select 

Ambient temperature with | | CLK | Serial Clock 

DOWEF Applied ...........:cccessseecesseeeeeees ....-65°C to +125°C. DI Data In 

Soldering termperature of leads (10 seconds) ...+300°C DO Data Out 

ESD protection On alll PINS ........ecceeeeeeeceeeeeeeees 4kV Vss Ground 

*Notice: Stresses above those listed under "Maximum ratings” may NU Not Utilized. No Connection 
cause permanent damage to the device. This is a stress rating only and Vcc +5 V Power Supply 


L 


functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 




















Vcc = +5 V (+10%) 











DC HARACTERISTICS Commercial: Tamb= 0°C to +70°C 
C Industrial : Tamb = -40°C to +85°C 
Automotive: §Tamb = -40°C to +125°C 
Parameter Symbol Min Max Units Conditions 








Ae 
4.5 


Vcc detector threshold VTH 
High level input voltage VIH 
Low level input voltage VIL -0.3 0.8 











IOH = -400 WA 
loL = 3.2 mA 


< 


} “F| 





VOH 2.4 

VOL | 0.4 
du 
ILO 


Input leakage current LA VIN = 0 V to Vcc (Note 1) 
Output leakage current to | LA Vout = 0 V to Vcc (Note 1) 


Internal capacitance CINT 


Vin/VouT = 0 V (Note 2) 
(all inputs/outputs) 


Tamb = +25°C, F = 1 MHz 














4 
| xo) 
nm 

















Operating current ICCO mA FCLK = 1 MHz, Vcc = 5.5 V 
(all modes) 
Standby current Iccs 100 LA CS = Vss, Vcc =5.5V 





—_—_——l_. 











Note 1: Internal resistor pull-up at Pin 6. 
Note 2: This parameter is periodically sampled and not 100% tested. 








SYNCHRONOUS DATA TIMING 


TCKH <_g—— TCKL > Tos 


CLK 
. 7 | | : ToIH 
TDIH —pe| Tois ; 


ee wn XXRRREEOOK 


/ Tess > | A 


Tez 


: HIGH 
ee VALID = 
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AC CHARACTERISTICS 


eC 





Data input hold time 
Data output disable time (from CS = Low) Tcz 
Data output disable time (from last clock) TDDZ 


Status valid time 


4 
.¢2) 
< 


Program cycle time (Auto Erase & Write) Twc 


Erase cycle time 


PIN DESCRIPTION 


Chip Select (CS) 


A HIGH level selects the device. ALOW level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already initiated and/or in 
progress will be completed, regardless of the CS input 
signal. If CS is brought LOW during aprogram cycle, the 
device will go into standby mode as soon as the pro- 
gramming cycle is completed. 


CS must be LOW for 100 ns minimum (TcSsL) between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 


rial Clock (CLK 


The Serial Clock is used to synchronize the communi- 
cation between a master device and the 93C06. Op- 
code, address, and data bits are clocked in on the 
positive edge of CLK. Data bits are also clocked out on 
the positive edge of CLK. 


: 


CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be continued 
anytime (with respect to clock HIGH time (TCKH) and 
clock LOW time (TCKL). This gives the controlling master 
freedom in preparing opcode, address and data. 


CLK is a "Don't Care" if CS is LOW (device deselected). 
If CS is HIGH, but START condition has not been de- 
tected, any number of clock cycles can be received by 
the device without changing its status. (i.e., waiting for 
START condition). 


100 
100 
100 


—| 
m 
i?) 


Units Conditions 
1 MHz 


Px 
oO 
oO 


CL = 100 pF 
CL = 100 pF 
CL = 100 pF 
CL = 100 pF 


—_— 
fo) 
© 


at, 
nm] & 


_ 
oi 


for ERAL and WRAL 


= 
7) 


CLK cycles are not required during the self-timed WRITE 
(i.e,. auto ERASE/WRITE) cycle. 


After detection of a START condition, the specified 
number of clock cycles (respectively LOW to HIGH tran- 
sitions of CLK) must be provided. These clock cycles are 
required to clock in all required opcode, address, and 
data bits before an instruction is executed (see instruc- 
tion set truth table). CLK and DI then become "Don't 
Care" inputs waiting for a new start condition to be 
detected. : 


Note: CS must go LOW between consecutive instruc- 
tions. 


Data In (DI 


Data In is used to clock in a Start bit, opcode, address, 
and data synchronously with the CLK input. 


Data Out (DO) 


Data Out is used in the READ mode to output data 
synchronously with the CLK input (TPb after the positive 
edge of CLK). | 


This pin also provides READY/BUSY status information 
during ERASE and WRITE cycles. READY/BUSY status 
information is available on the DO pin if CS is brought 
high after being low for minimum chip select LOW time 
(TCSL) from the falling edge of the CLK which clocked in 
the last DI bit (DO for WRITE, AO for ERASE) and an 
ERASE or WRITE operation has been initiated. © 





©1990 Microchip Technology Inc. 


DS11150C-3 


1-115 








93C06 





The status signal is not available on DO, if CS is held 
LOW or HIGH during the entire WRITE or ERASE cycle. 
In all other cases DO is in the HIGH-Z mode. If status is 
checked after the WRITE/ERASE cycle, a pull-up resis- 
tor on DO is required to read the READY signal. 


Dl and DO can be connected together to perform a 3- 
wire interface (CS, CLK, DI/DO). 


INSTRUCTION SET 


ca Opcode Number of | 
OP1 OP2 Address Data In Data Out 


FUNCTIONAL DESCRIPTION 


START Condition 


The start bit is detected by the device if CS and DI are 
both HIGH with respect to the positive edge of CLK for 
the first time. 


Before a START condition is detected, CS, CLK, and DI 
may change in any combination (except to that of a 
START condition), without resulting in any device opera- 
tion (READ, WRITE, ERASE, EWEN, EWDS, ERAL, 
and WRAL). As soon as CS is High, the device is no 
longer in the standby mode. 


An instruction following a START condition will Hl only be 
executed if the required amount of opcode, address and 
data bits for any particular instruction is clocked in. 


After execution of an instruction (i.e., clock in or out of 
the last required address or data bit) CLK and DI become 
don't care bits until a new START condition is detected. 


DI/DO 


It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
for a "bus conflict" to occur during the "dummy zero" that 
precedes the READ operation, if AO is a logic HIGH 
level. Under such a condition the voltage level seen at 
Data Out is undefined and will depend upon the relative 
impedances of Data Out and the signal source driving 
AO. The higher the current sourcing capability of AO, the 
higher the voltage at the Data Out pin. 


Data Protection and Noise Immunity 


During power-up, all modes of operation are inhibited 
until Vcc has reached a level of between 2.8 Vand 4.5 V. 





Care must be taken with the leading dummy zero which 
is outputted aftera READ command has been detected. 
Also, the controlling device must not drive the DI/DO bus 
during ERASE and WRITE cycles if the READY/BUSY 
status information is output by the 93C06. 


Req. CLK Cycles 





D15-D0 25 
(RDY/BSY) 


(RDY/BSY) 
High-Z 
High-Z 

(RDY/BSY) 

(RDY/BSY) 


During power-down, the source data protection circuitry 
acts to inhibit all modes when Vcc has fallen below the 
range of 2.8 V to 4.5 V. 


The EWEN and EWDS commands give additional pro- 


tection against accidentally programming during normal 


operation. 


After power-up, the device is automatically inthe EWDS 
mode. Therefore, an EWEN instruction must be per- 
formed before any ERASE, or WRITE instruction can be 
executed. | 


READ Mode 


The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. Adummy bit 
(logical 0) precedes the 16-bit output string. The output 
data changes during the high state of the system clock 
(CLK). The dummy bit is output TPp after the positive 
edge of CLK, which was used to clock in the last address 
bit (AO). Therefore, care must be taken if Diand DO are 
connected together as a bus contention will occur for 
one clock cycle if AO has been a"1”. 


DO will go into HIGH-Z mode with the positive edge of 
the next CLK cycle. This follows the output of the last 
data bit DO or the negative edge of CS, whichever occurs — 
first. 


DO remains stable between CLK cycles for an unlimited 
time as long as CS stays HIGH. 


The most significant data bit (D15) is always output first, 


_ followed by the lower significant bits (D14 - DO). 
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READ MODE CLK 
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X OOKY KKK Kp XOX xX 
ayy WOR, SORA KH 


NEW INSTRUCTION | 


OR STANDBY (CS = 0) 








WRITE Mode 

The WRITE instruction is followed by 16 bits of data automatic ERASE cycle on the specified address before 
which are written into the specified address. The most the data are written. The WRITE cycle is completely self- 
significant data bit (D15) has to be clocked in first, timed and commences automatically after the rising 
followed by the lower significant data bits (014 —- D0). If edge of the CLK signal for the last data bit (DO). 


a WRITE instruction is recognized by the device and all 
data bits have been clocked in, the device performs an 


LPL LI LIL LLL) as 


aes Test hag— —gee! Tos. og— 


¢_ Lr 


The WRITE cycle takes 2 ms max. 










ONO 
RK RY, 


ITTV VY © YY 
WRITE MODE CLK RRR SRK) 


XX 





CHECK 
P1 OP2 D15 DO 
AY \/ OX x ¥; 
om NOP Spree 
| | pe! et Tooz 
| let | 
|! 


| | \ 
DO HiGH -z ey ae ie Bet J ROY: 


- Two —pe! 
t 
NEW INSTRUCTION 





OR STANDBY (CS = 0) 





ERASE Mode 


The ERASE instruction forces all the data bits of the after the last address bit has been clocked in. 
specified address to logical "1s". The ERASE cycle is 
completely self-timed and commences automatically 

RUN 


BRASEMODE cu LI 1s Iams 
| | 


Tost = aa Test | ag— 


HR gens 


| | 
: Tsv pe! eg | 


Oeaeaearacar ener state tg in OR, 
| i | — 
00 HIGH - Z ) BSY 7, ADY | 


KRY 
| 


-—_— Tec ——p> 
1 


The ERASE cycle takes 1 ms max. 
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ERASE/WRITE Enable/Disable (EWEN, EWDS) | | 
The device is automatically in the ERASE/WRITE Dis- _ instruction has to be performed before any ERASE, 


able mode (EWDS) after power-up. Therefore, an EWEN WRITE, ERAL, WRAL instruction is executed by the 
device. 





ERASE/WRITE —— cix RRR 


WX NNN9.409.4.4 


ENABLE/DISABLE 













OK KK KKK KK RIA 
' RIK AK 
1 0 0 0 0 (EWDS) 
1 1 Xx X Xx Xx (EWEN) 





NEW INSTRUCTION 
OR STANDBY (CS = 0) 





ERASE All (ERAL) 




























The entire chip will be erased to logical "1s" if this instruc- _mences after the last dummy address bit has been 
tion is received by the device and itis inthe EWEN mode. clocked in. 
The ERAL cycle is completely self-timed and com- ERAL takes 15 ms max. 

ERASE ALL =e. RRR Meipunoneurennoraseneuten 


- — | Test <1 —pe| Tos. bg 
| 
| 
| 






eS / / / x STATUS a a 
| CHECK | | 
| i 


SB OP1 OP2 


BERR RRR RR RR KR) | | 





EMMA SIN 
1 0 0 1 0 x X X |X 


1 | Tooz | t- 
| ys... | 
SESS ESSE HIGH SZ | BSY | RDY 

| 

~—_———- Twe San at 


NEW INSTRUCTION 
OR STANDBY (CS = 0) 











WRITE All (WRAL) 


le for the chip. Therefore, the WRAL instruction n 
The entire chip will be written with the data specified in Sve Ont? on Py ele ore ee mee nme! 


be preceded n ERAL instruction and the chip m 
that command. The WRAL cycle is completely self- be ca sped in ekg . Sone miget 
timed and commences after the last data bit (DO) has 3 


been clocked in. WRAL takes 15 ms max. The WRAL instruction is used for testing and/or device 


initialization. 
Note: The WRAL does not include an automatic erase - 


RRSREERI ORKAROOY 
ox PRR LILI LLU LILI LI LU LI Ly] Be ees 
| 
dpe| Tosh —<q— | Tost eel 


2 ee Ge 


WRITE ALL 















; . | CHECK 
SB OP1  op2 D15 Ibo | 
RX) NOOK KOKI KKK KKK KK KKK KKKKKY YAY ; 
DI BS OIRO RIO RIG RS AK a oe : 
1 0 0 0 1 X X x X | 
| - Tv 
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D0. HIGH - 2 +” cra 
|. 
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SALES AND SUPPORT 





To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the’ 


factory or the listed sales offices. 


PART NUMBERS 


93C06 -I /P 


Package: 


Temperature 
Range: 


Device: 


J 
p 
SN 
SM 


Blank 
I 
E 





CERDIP 

Plastic DIP 

Plastic SOIC (0.150 mil Body) 
Plastic SOIC (0.207 mil Body) 


0° C to +70°C 
-40° C to +85° C 
-40° C to +125° C 


256-Bit CMOS Serial EEPROM 
256-Bit CMOS Serial EEPROM 
(in Tape & Reel) 
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DICE FORM 


256 Bits (16 X 16) CMOS Serial Electrically Erasable PROM 





FEATURES 


Low power CMOS technology 

16 x 16 bit memory organization 
Single 5V only operation 

Self-timed ERASE and WRITE cycles 
Automatic ERASE before WRITE 
Power on/off data protection circuitry 
Available in wafer or waffle pack 

* Temperature range: 

— Commercial: 0°C to +70°C 


DIE CONFIGURATION 


Die Size: 88 x 78 mils. 





DESCRIPTION 


The Microchip Technology Inc. 93C06 is a 256 bit serial 
Electrically Erasable PROM. The device memory is con- 
figured as 16 x 16 bits. Advanced CMOS technology 
makes this device ideal for low power non-volatile memory 
applications. The 93C06 dice are available in wafer or 
wafflepack package. 






BLOCK DIAGRAM 












MEMORY 
ARRAY 
16 x 16 


DATA REGISTER 
T | 


DECODE 
LOGIC 


CLOCK 
GENERATOR 








ADDRESS 
DECODER 











OUTPUT 
BUFFER 









Di 


cs 





CLK 
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ELECTRICAL CHARACTERISTICS 





tk PAD FUNCTION TABLE 
Maximum Ratings* 
All inputs and outputs w.t.t VSS «00... 0.3 V to +7.0V eunclon: 
Storage temperature ............cccccceeessseees -65°C to +150°C © Chio § | is 
Ambient temperature with | Peele’ 
power applied... eS cdonenaid -65°C to +125°C Serial Clock 
Soldering termperature of leads _ Ms © | Data In 
(1OSECONGS) szseusictievaicceas rssh aneeededaeananen +300°C Data Out 
ESD protection on all pins .............cccsseeeeccesesseeeeenes 4kV | Ground 

| adie he ee hy Not Utilized. No Connection 

*Notice: Stresses above those listed under "Maximum ratings" may | +5 V Power Supply 


cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions above 
those indicated in the operational listings of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. . 


DC CHARACTERISTICS | Vcc = +5 V (£10%) 
Commercial: Tamb= 0°C to +70°C 















Parameter Symbol Min Max Units _. Conditions 

Vcc detector threshold VTH V Pe 

High level input voltage Vv 
__Lowlevelinputvotiage | Vu | 08 | 08 | 

High level output voltage | vow | 24, fo vi | IOH = -400 pA 

Low level output voltage VOL ee a ee ee 

Input leakage current IL | [toto VIN = 0 V to Vcc (Note 1) 

Internal capacitance ay i eae | VIN/VOUT =0V aes 2) 

(all inputs/outputs) Tamb = +25°C, 1 MHz 

Operating current (all modes) | teco ff 4 | mA FciK = 1 MHz, Vcc =5.5 V 








Standby current Iccs 100 pA CS =0V, Vcc =5.5V 
Note 1: Internal resistor pull-up at Pin 6. | 
Note 2: This parameter is periodically sampled and not 100% tested. 
SYNCHRONOUS DATA TIMING 
TekH — TCKL . vee . 4 TCSH 











, KKK XXKKKKKK 


' TCSL 
cs Tcss | | “K | 


DO VALID K vALD on 
| Z 
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AC CHARACTERISTICS 
Parameter Symbol] Min | Max | Units Conditions 
Clock frequency FCLK 1 MHz 
Clock high time TCKH 500 ns | | 
Clock low time TCKL e000) Ae ns 
Chip select setup time Tcss 50 ns : 
Chip select hold time | TCSH | 0 | ns | | 
Chip select low time TCSL 100 | ns 
Data input setup time ~ | Tos aif 100 ml ns 
Data input hold time TDIH 100 i ns 








p Data output delay time 














Data output disable time (from CS = Low) 











CL = 100 pF 




















Data output disable time (from last clock) 














Status valid time 














Program cycle time (Auto Erase & Write) 




















Erase cycle time 


PIN DESCRIPTION 


Chi l C 


A HIGH level selects the device. A LOW level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already initiated and/or in 
progress will be completed, regardless of the CS input 
signal. If CS is brought LOW during a program cycle, 
the device will go into standby mode as soon as the pro- 
gramming cycle is completed. 


CS must be LOW for 100 ns minimum (TcCSsL) between 
consecutive instructions. If CS is LOW, the internal 
control logic is held ina RESET status. 


Serial Clock (CLK 


The Serial Clock is used to synchronize the communi- 
cation between a master device and the 93C06. Op- 
code, address, and data bits are clocked in on the 
positive edge of CLK. Data bits are also clocked out on 
the positive edge of CLK. | 


CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be continued 
anytime (with respect to clock HIGH time (TCKH) and 
clock LOW time (TCKL). This gives the controlling master 
freedom in preparing opcode, address and data. 


CLK is a "Don't Care" if CS is LOW (device deselected). 
If CS is HIGH, but START condition has been detected, 
any number of clock cycles can be received by the 
device without changing its status. (i.e., waiting for 
START condition). 





Tez 0 100 ns CL = 100 pF 
TDDZ 0 400 ns | CL = 100pF | 
TSV -- 100 ns | CL = 100 pF 
Twc 2 ms 
see 15 ms for ERAL and WRAL 
= =| 
TEC 1 ms 























—_-—_—__! 





CLK cycles are not required during the self-timed WRITE 
(i.e. auto ERASE/WRITE) cycle. 


After detection ofa START condition the specified number 
of clock cycles (respectively LOW to HIGH transitions of 
CLK) must be provided. These clock cycles are required 
to clock in all required opcode, address, and data bits 
before an instruction is executed (see instruction set 
truth table). CLK and DI then become don't care inputs 
waiting for a new start condition to be detected. 


Note: CS must go LOW between consecutive instruc- 
tions. 


Data In (Dl) 


Data Inis used to clock ina START bit, opcode, address, 
and data synchronously with the CLK input. 


Data Out (DO) 


Data Out is used in the READ mode to output data 
synchronously with the CLK input (TPD after the positive 
edge of CLK). 


This pad also provides READY/BUSY status information 
during ERASE and WRITE cycles. READY/BUSY status 
information is available on the DO pad if CS is brought 
HIGH after being LOW for minimum chip select low time 
(TCSL) from the falling edge of the CLK which clocked in 
the last DI bit (DO for WRITE, AO for ERASE) and an 
ERASE or WRITE operation has been initiated. 
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The status signal is not available on DO, if CS is heid 
LOW or HIGH during the entire WRITE or ERASE cycle. 
In all other cases, DO is in the HIGH-Z mode. If status 
is checked after the WRITE/ERASE cycle, a.pull-up re- 
sistor on DO is required to read the READY signal. 


DI and DO can be connected together to perform a 3- 
wire interface (CS, CLK, DI/DO). 


INSTRUCTION SET 


Opcode 
OP1 OP2 |. Address 


Care must be taken with the leading dummy zero which 
is outputted aftera READ command has been detected. 
Also, the controlling device must not drive the Di/DO bus 
during ERASE and WRITE cycles if the READY/BUSY 
status information is output by the 93C06. 


Number of 


Data In Data Out Req. CLK Cycles 


D15-D0 

(RDY/BSY) 

(RDY/BSY) 
High-Z 


High-Z 
(RDY/BSY) 
(RDY/BSY) 





FUNCTIONAL DESCRIPTION 
rt Condition 
The START bit is detected by the device if CS and Dl are 


both HIGH with respect to the positive edge of CLK for 
the first time. 


Before a START condition is detected, CS, CLK, and DI 
may change in any combination (except to that of a 
START condition), without resulting in any device opera- 
tion (READ, WRITE, ERASE, EWEN, EWDS, ERAL, 
and WRAL). As soon as CS is HIGH, the Gevice is no 
longer in the standby mode. 


An instruction following a START condition wil aly be 
executed if the required amount of opcode, address and 
data bits for any particular instruction is clocked in. 


After execution of an instruction (i.e., clock in or out of 
the last required address or data bit) CLK and DI 
become don't care bits until anew START condition is 
detected. 


Di/DO 


It is possible to connect the Data In and Data Out pads 


together. However, with this configuration it is possible _ 


for a "bus conflict" to occur during the "dummy zero" that 
precedes the READ operation, if AO is a logic HIGH 
level. Under such a condition the voltage level seen at 
Data Out is undefined and will depend upon the relative 
impedances of Data Out and the signal source driving 
AO. The higher the current sourcing capability of AQ, the 
higher the: voltage at the Data Out pad. 


Data Protection 


During power-up, all modes of operation are inhibited 


until Vcc has reached a level of between 2.8 V and 4.5 
V. During power-down, the source data protection cir- 


Cuitry acts to inhibit all modes when Vcc has fallen below 


the range of 2.8 V to 4.5 V. 


The EWEN and EWDS commands give additional pro- 
tection against accidentally programming during normal 
operation. 


After power-up, the device is automatically in the EWDS 
mode. Therefore, an EWEN instruction must be per- 
formed before any ERASE, or WRITE instruction can be 
executed. 


READ Mode 


The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. Adummy bit 
(logical 0) precedes the 16-bit output string. The output 
data changes during the HIGH state of the system clock 
(CLK). The dummy bit is output TPD after the positive 
edge of CLK, which was used to clock in the last address 
bit (AO). Therefore, care must be taken if DI and DO are | 
connected together as a bus contention will occur for 
one clock cycle if AO has been a "1". 


DO will go into HIGH-Z mode with the positive edge of 
the next CLK cycle. This follows the output of the last 
data bit DO or the low going edge of CS, which ever 
occurs first. 


DO remains stable between CLK cycles for an unlimited 
time as long as CS stays HIGH. 


The most significant data bit (D15) is always Lar first, 
foHowed by the lower significant bits (D14 - DO). 
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READMODE cx BY RYT LT Ly LI LI Ld ies a LL RRR 
| 
; ) ; 
Test 
cs / / ] § | i A 


VY KYYY RKAAIAAKA AAA ATI 
BR RY PRR HRORRRARYY 


BIE 


NEW INSTRUCTION | 


OR STANDBY (CS = 0) 











WRITE Mode 

The WRITE instruction is followed by 16 bits of data automatic ERASE cycle on the specified address before 
which are written into the specified address. The most the data are written. The WRITE cycle is completely self- 
significant data bit (D15) has to be clocked in first timed and commences automatically after the last data 
followed by the lower significant data bits (D14 — D0). If bit (D0) has been clocked in. 


a WRITE instruction is recognized by the device and all 


data bits have been clocked in, the device performs an GRIT CYC tenes Mees. 









LMR EKY 
ON 





WRITE MODE RRR 
| 
—p>| Test hea — pe! Tosi 


| | 
cs i; \ A status K\_/7 | 

| CHECK , 

SB  OP1 OP2 A3 AO D15 DO 

0 __/ OMSK ROR 

1 0 
| i‘ | kall— Tooz 
| sa ar 


| 
DO HIGH -Z nl, BST Jeovs—— 
| 
| 


\ 
NEW INSTRUCTION | 
OR STANDBY (CS = 0) 


ERASE Mode 


The ERASE instruction forces the data bits of the speci- after the last address bit has been clocked in. 
fied address all to logical "1s". The ERASE cycle is 
completely self-timed and commences automatically 


LXX XX KOK KKK KX 
ERASE MODE « BY RA LILI LI LI LI Ly] BRR 
a | 


The ERASE cycle takes 1 ms max. 


Test _ ~ Tosi == 


| 
cs a | x ae 
SB OP1 OP2 A3 | 
1 1 


: o 0 | | |x Tooz 


| Tsv pa! leg | 


| | | 
AO | 
(RARAXKARAKYARAMY YY AAV 
OLYK YX MEK KOO DOO XY 
mr RO / (VLRO WOOGIE NNO 
| 
| 


| 
Tec -——— 


NEW INSTRUCTION 
OR STANDBY (CS = 0) 
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ERASE/WRITE Enable/Disable (EWEN, EWD 


The device is automatically in the ERASE/WWRITE Dis- WRITE, ERAL, WRAL instruction is executed by the 
able mode (EWDS) after power-up. Therefore, an EWEN device. 
instruction has to be performed before any ERASE, 














ERASE/WRITE CLK 
ENABLE /DISABLE 


RRRXXARXERRY 
Seite 






SB OP1 OP2 








KKM ORR 
Mr eeunrantaalalarornendenn 


OW) MAY LYS 













X Xx X (EWEN) 


NEW INSTRUCTION 
OR STANDBY (CS = 0) 





ERASE All (ERAL 


The entire chip will erased to logical "1s" if this instruc- mences after the last dummy address bit has been 
tion is received by the device and itis inthe EWEN mode. clocked in. 
The ERAL cycle is completely self-timed and com- _ ERAL takes 15 ms max 


ERASE AL RR ay TWKKK ERRYXKRRKY WRU N UU ennaen 
S L CLIC BRK or PRX ona BRR 


Test —pe| Tosi 
/ / / ase 7 STATUS \ = 
CHECK 


RARER KIRN wr BXY) : 
REO RIE GRRORROA 


X X Xx | X 
| , | oz 
ty | ~~? | 


| panies 
HIGH -Z | BSY ; RDY 


| | 
—— Two ret tree 
NEW INSTRUCTION 


OR STANDBY (CS = 0) 





WRITE All (WRAL) 


The entire chip will be written with the data specified in cycle for the chip. Therefore, the WRAL instruction must 
that command. The WRAL cycle is completely self- be preceded by an ERAL instruction and the chip must 
timed and commences after the last data bit (DO) has __ be in the EWEN status in both cases. 


DECI: COCKS: Ii NYE Hanes Te noinay: The WRAL instruction is used for testing and/or device 


Note: The WRAL does not include an automatic erase initialization. 


WRITE ALL 
oc BELLU 
dye! Tost age: P| Tosh me 


: oh ieee te 


| . CHECK 
SB OP1 OP2 D15 DO 


iX 
oR  / \ TREE Wi 
: yyy’ WY rr XX 









— Two 


eaaeall 
OR STANDBY (CS = 0) 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the © 
factory or the listed sales offices. 





PART NUMBERS 






93C06 - /W 








Package: W _ Dice in Wafer 
S___ Dice in Wafflepack 
Temperature Blank 0°C to +70°C 
Range: 
Device: 256-Bit CMOS Serial EEPROM 
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1K (64 X 16) CMOS Serial Electrically Erasable PROM © 











Data Retention > 10 years 

8-pin DIP or SOIC package 

Available for extended temperature ranges: 
— Commercial: 0°C to +70°C 

— Industrial: -40°C to +85°C 

— Automotive: -40°C to +125°C 


FEATURES DESCRIPTION 

* Low power CMOS technology The Microchip Technology Inc. 93C46 is a 1K bit serial 
* 64 x 16 bit memory organization Electrically Erasable PROM. The device memory is con- 
* Single 5 volt only operation figured as 64 x 16 bits. Advanced CMOS technology 
* Self-timed ERASE and WRITE cycles makes this device ideal for low power non-volatile memory 
° Automatic ERASE before WRITE applications. The 93C46 is available in the standard 8- 
* Power on/off data protection circuitry pin DIP and a surface mount SOIC package. The 
* 100,000 ERASE/WRITE cycles 93C46X comes as SOIC only. 


PIN CONFIGURATION BLOCK DIAGRAM 


DIP Package 
ay, 


MEMORY 
ARRAY 
64x16 


ADDRESS 
DECODER 








OUTPUT 
: | + 


MODE 
DECODE 
LOGIC 


CLOCK 
GENERATOR 


93C46X 
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ELECTRICAL CHARACTERISTICS Ee ee ee me 
Un fy sg ; PIN FUNCTION TABLE Do an 
Maximum Ratings* — 
All inputs and outputs wrt. VSS... -0.3Vto+7.0V | Name — Function 
Storage temperature..........cccseeeeeees -65°C to +150°C 
Ambient temperature with e CS Chip Select 
POWEF APPLIC ...... csc ccsseceseseseeceesses eens -65°C to +125C CLK Serial Clock 
Soldering termperature of leads (10 seconds)... +300°C DI Data In 
ESD protection on all pins ........c:cccee eee 4kV DO | Data Out 
*Notice: Stresses above those listed under "Maximum ratings" may VSS Ground ; 
cause permanent damage to the device. This is a stress rating only and NU Not Utilized. No Connection 
functional operation of the device at those or any other conditions above Vcc +5 V Power Supply 
those indicated in the operational listings of this specification is not L zi 





implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 





| 
Voc = +5 V (410%) 


a Commercial: Tamb= 0°C to +70°C 
DC CHARACTERISTICS Industrial : Tamb = —40°C to +85°C 
Automotive: Tamb =—40°C to +125°C 


















































Parameter “1 Symbol Min Max Units Conditions 
aces are Ee ee CEM een | SAAR ITs EIES IIE SINAN IE ONES AT eI MET RE, 
Vcc detector threshold VTH ae 
High level input voltage VIH 
Low level input voltage VIL . 
High level output voltage VOH IOH = -400 pA 
Low level output voltage © VOL lol = 3.2 mA 
Input leakage current IL 10 VIN = 0 V to Vcc (Note 1) 
Output leakage current ILo | | to] pA Vout = 0 V to Vcc (Note 1) 
Internal capacitance CINT MVin/VouT = 0 V ole 2 
(all inputs/outputs) Tamb = +25°C, tf = 1 MHz 














Operating current ‘Ieco 4 mA FCLK = 1 MHz, Vcc =5.5 V 
(all modes) ee ; | 

Standby current Iccs CS=0V, Vcc =5.5V 
Note 1: Internal resistor pull-up at Pin 6. 


Note 2: This parameter is periodically sampled and not 100% tested. 

















SYNCHRONOUS DATA TIMING 


TCKH <—_—— TCKL ; TosH 





CLK ro. , 
TDIH 
Tos TDIH 
—pe| ToIS 


* wes XKXREENY mn XVXX 


7 


Tez - 
HIGH 






Z 
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AC CHARACTERISTICS 
Parameter Symbol Min Max Units Conditions 
Clock frequency FCLK 1 MHz 
Clock high time TCKH 500 ns 
Clock low time TCKL ns 
Chip select setup time Tcss ns - 
ns 





Tes | 0 zs 
Tes eT 
0 


































































Data output disable time (from CS = low) Tez 100 ns | CL = 100 pF 
Data output disable time (from last clock) TDDZ 0 400 ns CL = 100 pF 
Status valid time Tsv ns CL = 100 pF 
etl 
Program cycle time (Auto Erase & Write) TWC 
for ERAL and WRAL 
Erase cycle time TEC 
eee 











PIN DESCRIPTION 
hi ! 





AHIGH level selects the device. A LOW level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already initiated and/or in 
progress will be completed, regardless of the CS input 
signal. If CS is brought LOW during a program cycle, 
the device will go into standby mode as soon as the pro- 
gramming cycle is completed. 


CS must be LOW for 100 ns minimum (TCSL) between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 


rial Clock (CLK 


The Serial Clock is used to synchronize the communi- 
cation between a master device and the 93C46. Op- 
code, address, and data bits are clocked in on the 
positive edge of CLK. Data bits are also clocked outo 
the positive edge of CLK. 


CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be continued 
anytime (with respect to clock HIGH time (TCKH) and 
clock LOW time (TCKL). This gives the controlling master 
freedom in preparing opcode, address and data. 


CLK is a"Don't Care" if CS is LOW (device deselected). 
If CS is HIGH, but STARTcondition has not been de- 
tected, any number of clock cycles can be received by 
the device without changing its status. (i.e., waiting for 
START condition). © 


CLK cycles are not required during the self-timed WRITE 
(i.e., autoERASE/WRITE) cycle. 


After detection of a start condition, the specified number 
of clock cycles (respectively LOW to HIGH transitions of 
CLK) must be provided. These clock cycles are required 
to clock in all required opcode, address, and data bits 
before an instruction is executed (see instruction set 
truth table). CLK and DI then become "Don't Care" 
inputs waiting for a new start condition to be detected. 


Note: CS must go LOW between consecutive instruc- 
tions. 


Data In (DI 


Data Inis used to clock in aSTART bit, opcode, address, 
and data synchronously with the CLK input. 


Data Out (DO) 


Data Out is used in the READ mode to output data 
synchronously with the CLK input (TPD after the positive 
edge of CLK). 


This pin also provides READY/BUSY status information 
during ERASE and WRITE cycles. READY/BUSY status 
information is available on the DO pin if CS is brought 
HIGH after being LOW for minimum chip select LOW 
time (TCSL) from the falling edge of the CLK which 
clocked in the last DI bit (DO for WRITE, AO for ERASE) 
and an ERASE or WRITE operation has been initiated. 


nn eevee Pn ater Trent 
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The status signal is not available on DO, if CS is held 
LOW or HIGH during the entire WRITE or ERASE cycle. 
In all other cases DO is in the HIGH-Z mode. If status is 
checked after the WRITE/ERASE cycle, a pull-up resis- 
tor on DO is required to read the READY signal. 


DI and DO can be connected together to perform a 3- 
wire interface (CS, CLK, DI/DO). 


INSTRUCTION SET 


Care must be taken with the leading dummy zero which 
is outputted aftera READ command has been detected. 
Also, the controlling device must not drive the DI/DO bus 





during Erase and Write cycles if the READY/BUSY 


status information is outputted by the 93C46. 


Start Opcode Number of 
bed cilia OP2 eee eee ee a eres In fc eee Out Req. CLK Cycles 








FUNCTIONAL DESCRIPTION 


START Condition 


The START bit is detected by the device if CS and Dl are 
both HIGH with respect to the positive edge of CLK for 
the first time. 


Before a START condition is detected, CS, CLK, and DI 
may change in any combination (except to that of a 
START condition), without resulting in any device opera- 
tion (READ, WRITE, ERASE, EWEN, EWDS, ERAL, 
and WRAL). As soon as CS is HIGH, the device is no 
longer in the standby mode. 


An instruction following a START condition will only be 
executed if the required amount of opcode, address and 
data bits for any particular instruction is clocked in. 


After execution of an instruction (i.e., clock in or out of 
the last required address or data bit) CLK and DI 
become don't care bits until a new start condition is 
detected. 


DI/DO 


It is possible to connect the Data In and Data Out pins 
together. However, with this configuration it is possible 
for a "bus conflict” to occur during the "dummy zero" that 
precedes the READ operation, if AO is a logic HIGH 
level. Under such a condition the voltage level seen at 
Data Out is undefined and will depend upon the relative 
impedances of Data Out and the signal source driving 
AO. The higher the current sourcing capability of AO, the 
higher the voltage at the Data Out pin. 


Data Protection 


During power-up, all modes of operation are inhibited 
until Vcc has reached a level of between 2.8 Vand 4.5 V. 
During power-down, the source data protection circuitry 





A2 


<x MK XK OX 








ae D15-D0 25 
: D1i5-DO | (RDY/BSY) 25 
AO — (RDY/BSY) 9 
x = High-Z g 
x aa High-Z 9 
X at (RDY/BSY) 9 
X D15-DO | (RDY/BSY) 25 





acts to inhibit all modes when Vcc has fallen below the 
range of 2.8 V to 4.5 V. 


The EWEN and EWDS commands give additional pro- 
tection against accidentally programming during normal 
operation. 


_ After power-up, the device is automatically in the EWDS 


mode. Therefore, an EWEN instruction must be per- 
formed before any ERASE or WRITE instruction can be 
executed. 


READ Mode 


The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. Adummy bit 
(logical 0) precedes the 16-bit output string. The output 
data changes during the HIGH state of the system clock 


(CLK). The dummy bit is output TPD after the positive 


edge of CLK, which was used to clock in the last address 
bit (AO). Therefore, care must be taken if DI and DO are 
connected together as a bus contention will occur for 
one clock cycle if AO has been a one. | 


DO will go into HIGH-Z mode with the positive edge of 


the next CLK cycle. This follows the output of the last 


data bit DO or the low going edge of CS, when ever 
occurs first. 


DO remains stable between CLK cycles for an unlimited 


time as long as CS stays HIGH. 


The most significant data bit (D15) is always output first, 
followed by the lower significant bits (D14 - DO). 
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READ MODE 





RY XXX) 
RXXYXXY), 


WRITE Mode 


The WRITE instruction is followed by 16 bits of data 
which are written into the specified address. The most 
significant data bit (D15) has to be clocked in first, 
followed by the lower significant data bits (D14— D0). If 
a WRITE instruction is recognized by the device and all 
data bits have been clocked in, the device performs an 





















RY RYN TKK KKK KRN 
AR 


NEW INSTRUCTION | 


OR STANDBY (CS = 0) 


_ rear rene 









automatic ERASE cycle on the specified address before 
the data are written. The WRITE cycle is completely self- 
timed and commences automatically after the rising 
edge of the CLK for the last data bit (DO). 


The WRITE cycle takes 2 ms max. 


ORR 
PY 
| 
—pp| Tost beg — —pel Tost eg — 


, | | STATUS | 
l CHECK | 
A4 A3 _ AO D15 DO 
XX KXY XXX) «XY 
AX YW RK RY 
i —p| jal— Tooz 
| qe Tov | 
| 
| 


| 
| 
DO ———————___————————_ HIGH --2 41 ee! ‘ROY a 
] 


WRITE MODE 
Panes 
CLK BRR 
cs 
SB OP1 OP2 A5 
TOA? ro" 
XY 
ERASE Mode 


The ERASE instruction forces all the data bits of the 
specified address to logical "1s". The ERASE cycle is 


ERASE MODE 


OP1 OP2 
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NEW INSTRUCTION 
OR STANDBY (CS = 0) 


completely self-timed and commences automatically 
after the last address bit has been clocked in. 


The ERASE cycle takes 1 ms max. 


KKXKKXKKOKKK KKK} 
ORY KKK K) 


= > Tesi | |¢-— 
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RX KK XA RNC I) 
RAYA KY 
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ERASE/WRITE Enable/Disable (EWEN, EWDS) 


The device is automatically in the ERASE/WRITE Dis- 
able mode (EWDS) after power-up. Therefore, an 


ERASE/WRITE CLK 
ENABLE/DISABLE | 


Na renns, (XK 


XX 
ORR 





ERASE All (ERAL) 


The entire chip will be erased to logical "1s" if this instruc- 
tion is received by the device and itis inthe EWEN mode. 
The ERAL cycle is completely self-timed and com- 


PXXKXKKXKK 
) 
CLK RRL 


ERASE ALL 


es Jf) BS a STATUS i. a 
| CHECK ) 
. l 


SB OP1 OP2 


RXR) 
XY 


WRITE All (WRAL) 


The entire chip will be written with the data specified in 
that command. The WRAL cycle is completely self- 
timed and commences after the rising edge of the CLK 
for the last data bit (DO). WRAL takes 15 ms max. 


Note: The WRAL does not include an automatic ERASE 


WRITE ALL 


EWEN instruction has to be performed before any 
ERASE, WRITE, ERAL, WRAL instruction is executed 


by the device. 


KY XXX J 
ROY 


Y / CRA ANYWAY YYAVY 
) (XX) OXXKKK) xX) RRYRKXIXRE KY) 


OVO UINEN 


(EWDS) 
X (EWEN) 
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mences after the last dummy address bit has been 


clocked in. 


ERAL takes 15 ms max. 
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NEW INSTRUCTION 
OR STANDBY (CS = 0) 





cycle for the chip. Therefore, the WRAL instruction must 


be preceded by an ERAL instruction and the chip 
be in the EWEN status in both cases. | 


must 


The WRAL instruction is used for testing and/or device 


initialization. 





KX RON 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 


or the listed sales offices. 





PART NUMBERS 


93C46 -I /P 


Package: J 
P 

SN 

SM 


Temperature Blank 
Range: I 
E 


93C46 
93C46X 


Device: 


93C46T 
93C46XT 














CERDIP 

Plastic DIP 
Plastic SOIC (0.150 mil Body) 
Plastic SOIC (0.207 mil Body) 


0° C to +70° C 
-40° C to +85° C 
-40° C to +125° C 


1K CMOS Serial EEPROM 
1K CMOS Serial EEPROM with 

alternate pinouts (in SN package only) 
(in Tape & Reel) 
(in Tape & Reel) 
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Microchip DICE FORM 
1K (64 X 16) CMOS Serial Electrically Erasable PROM 








FEATURES DESCRIPTION 

> Low power CMOS technology The Microchip Technology Inc. 93C46 is a 1K bit serial 
* 64 x 16 bit memory organization Electrically Erasable PROM. The device memory is con- 
* Single 5 volt only operation figured as 64 x 16 bits. Advanced CMOS technology 
* Self-timed ERASE and WRITE cycles makes this device ideal for low power non-volatile memory 
* Automatic ERASE before WRITE applications. The 93C46 dice are available in wafer or 
¢ Power on/off data protection circuitry wafflepack. 


Available in wafer or waffle pack 
Temperature range: 
— Commercial: 0°C to +70°C 


DIE CONFIGURATION 


BLOCK DIAGRAM 


Die Size: 88 x 78 mils. 


ADDRESS 
DECODER 


| 


OUTPUT 
7 — | 7 
MODE 


DECODE 
LOGIC 


GENERATOR 
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ELECTRICAL CHARACTERISTICS 











PAD FUNCTION TABLE 

Maximum Ratings* Name | 
Function 
All inputs and outputs w. rt VSS .. beige eles O0.3Vto+7.0V — 
Storage temperature ........:.cccceeeeeees -65°C to +150°C | 
Ambient temperature with we, S a CS Chip Select 
power Applied ........ccccsesss cscs eeeeeeeeeeeee -65°C to +125°C CLK Serial Clock 
Soldering termperature of leads | | DI | Data In 
(10 SOCOMAS): ioeisiccceussaestnnssvescvssressaidacedaetioces +300°C DO Data Out 
ESD protection on all PINs 20.0... ee eeeseeeeeeeeneeeees 4kV Vss Ground 
ef NU Not Utilized. No Connection 
*Notice: Stresses above those listed under "Maximum ratings" may Vcc +5 V Power Supply 
cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at those or any other conditions above 
those indicated in the operational listings. of this specification is not 
implied. Exposure to maximum rating conditions for extended periods 
may affect device reliability. 
DC CHARACTERISTICS Vcc = +5 V (£10%) 


Commercial: Tamb = 0°C to +70°C 


Parameter Symbol Min | Max | Units Conditions | 




















Vcc detector threshold VTH 

High level input voltage VIH | 

Low level input voltage VIL . a a ae 

High level output voltage VoK | 24 | | Vv | ton =-400 pA 

Low level output voltage VOL | 4 | ¥ | _nsemi —_—_—_ 


Output leakage current ILO VouT = 0 V to Vcc (Note 1) 


Internal capacitance CINT © : Vin/VouT = 0 V (Note 2) 
(all inputs/outputs) Tamb = +25°C, F = 1 MHz 














Operating current (all modes) ICCo FCLK = 1 MHz, ' Vec=5.5 V 





Standby current Iccs 100 LA CS =0V, Vcc =5.5V 








Note 1: Internal resistor pull-up at Pin 6. 
Note 2: This parameter is periodically sampled and not 100% tested. 


SYNCHRONOUS DATA TIMING 


TCKH 


ToIS 
0 RY wn KYYYXKYXY XXXKKXXX 


TCSL 
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Parameter 





Clock frequency 
Clock high time 





Clock low time 





Chip select setup time 
Chip select hold time 
Chip select low time 





Data input setup time 
Data input hold time 


Data output delay time 





Data output disable time (from CS = Low) 





Data output disable time (from last clock) 





Status valid time 














Program cycle time (Auto Erase & Write) 








e Erase cycle time 





PIN DESCRIPTION 
Chip Select (CS) 


A HIGH level selects the device. ALOW level deselects 
the device and forces it into standby mode. However, a 
programming cycle which is already initiated and/or in 
progress will be completed, regardless of the CS input 
signal. If CS is brought LOW during a program cycle, 
the device will go into standby mode as soon as the pro- 
gramming cycle is completed. 


CS must be LOW for 100 ns minimum (TcsL) between 
consecutive instructions. If CS is LOW, the internal 
control logic is held in a RESET status. 


Serial Clock (CLK) 


The Serial Clock is used to synchronize the communi- 
cation between a master device and the 93C46. Op- 
code, address, and data bits are clocked in on the 
positive edge of CLK. Data bits are also clocked out on 
the positive edge of CLK. 


CLK can be stopped anywhere in the transmission 
sequence (at HIGH or LOW level) and can be continued 
anytime (with respect to clock high time (TCKH) and 
Clock Low Time (TCKL). This gives the controlling 
master freedom in preparing opcode, address and data. 


CLK is a "Don't Care" if CS is LOW (device deselected). 
If CS is HIGH, but STARTcondition has been detected, 
any number of clock cycles can be received by the 
device without changing its status. (i.e., waiting for 
START condition). , 





93C46 pIcE FORM 








Conditions 

















CL = 100 pF 
CL = 100 pF 
CL = 100 pF 


















ns CL = 100 pF 

ms 

ms for ERAL and WRAL 
ms 





CLK cycles are not required during the self-timed WRITE 
(i.e., auto ERASE/WRITE) cycle. 


After detection of a START condition the specified number 
of clock cycles (respectively LOW to HIGH transitions of 
CLK) must be provided. These clock cycles are required 
to clock in all required opcode, address, and data bits 
before an instruction is executed (see instruction set 
truth table). CLK and DI then become don't care inputs 
waiting for anew START condition to be detected. 


Note: CS must go LOW between consecutive instruc- 
tions. 


Data In (Dl) 


Data In is used to clock ina START bit, opcode, address, 
and data synchronously with the CLK input. — 


Data Out (DQ) 


Data Out is used in the READ mode to output data 
synchronously with the CLK input (TPD after the positive 
edge of CLKk). | 7 


This pad also provides READY/BUSY status information 
during ERASE and WRITE cycles. READY/BUSY status 
information is available on the DO pad if CS is brought 
high after being LOW for minimum chip select LOW time 
(TCSL) from the falling edge of the CLK which clocked in 
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the last DI bit (DO for WRITE, AO for ERASE) and an 
ERASE or WRITE operation has been initiated. 


The status signal is not available on DO, if CS is held 


LOW or HIGH during the entire WRITE or ERASE cycle. . 


In all other cases DO is in the HIGH-Z mode. If status is 
checked after the WRITE/ERASE cycle, a pull-up resis- 
tor on DO is required to read the READY signal. 


INSTRUCTION SET 


Start Opcode Number of | 
| OP1 OP2 Address Data In Data Out 


BIT 


FUNCTIONAL DESCRIPTION 


START Condition 


The START bit is detected by the device if CS and Dl are 
both HIGH with respect to the positive edge of CLK for 
the first time. 


Before a START condition is detected, CS, CLK, and DI 
may change in any combination (except to that of a start 
condition), without resulting in any device operation 
(READ, WRITE, ERASE, EWEN, EWDS, ERAL, and 
WRAL). As soon as CS is HIGH, the device is no longer 
in the standby mode. 


An instruction following a START condition will only be 
executed if the required amount of opcode, address and 
data bits for any particular instruction is clocked in. 


After execution of an instruction (i.e. clock in or out of the 
last required address or data bit) CLK and DI become 
don't care bits until a new START condition is detected. 


DI/DO 


It is possible to connect the Data In and Data Out pads 
_ together. However, with this configuration it is possible 
fora "bus conflict" to occur during the "dummy Zero" that 
precedes the READ operation, if AO is a logic HIGH 
_ level. 


Under such a condition the voltage level seen at Data 
Out is undefined and will depend upon the relative 


impedances of Data Out and the signal source driving | 


AO. The higher the current sourcing capability of AO, the 
higher the voltage at the Data Out pad. 


Data Protection 


During power-up, all modes of operation are inhibited 





DI and DO can be connected together to perform a 3- 
wire interface (CS, CLK, DI/DO). 


Care must be taken with the leading dummy zero which 
is outputted aftera READ command has been detected. 
Also, the controlling device must not drive the DI/DO bus 
during ERASE and WRITE cycles if the READY/BUSY 
status information is outputted by the 93C46. 





Req. CLK Cycles 
at D15-D0 
(RDY/BSY) 
(RDY/BSY) 
High-Z 
High-Z 
(RDY/BSY) 


(RDY/BSY) 


until Vcc has reached a level of between 2.8 V and 4.5 
V. During power-down, the source data protection cir- 
cuitry acts to inhibit all modes when Vcc has fallen below 
the voltage range of 2.8 V to 4.5 V. 


The EWEN and EWDS commands give additional pro- 
tection against accidentally programming during normal 
operation. 


After power-up, the device is automatically in the EWDS 
mode. Therefore, an EWEN instruction must be per- 
formed before any ERASE or WRITE instruction can be 
executed. 


READ Mode 


The READ instruction outputs the serial data of the 
addressed memory location on the DO pin. Adummy bit 
(logical 0) precedes the 16-bit output string. The output 
data changes during the HIGH state of the system clock 
(CLK). The dummy bit is output TPD after the positive 
edge of CLK, which was used to clock in the last address 
bit (AQ). Therefore, care must be taken if Dl and DO are 
connected together as a bus contention will occur for 
one clock cycle if AO has been a "1". 


DO will go into HIGH-Z mode with the positive edge of 
the next CLK cycle. This follows the output of the last 
data bit DO or the low going edge of CS, which ever 
occurs first. 


DO remains stable between CLK cycles for an unlimited 
time as long as CS stays HIGH. . 


The most significant data bit (D1 5) is always output first, 
followed by the lower significant bits (D14 - DO). 
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READ MODE CLK 


DO 










WRITE Mode © 


The WRITE instruction is followed by 16 bits of data 
which are written into the specified address. The most 
significant data bit (D15) has to be clocked in first 
followed by the lower significant data bits (D14 — DO). If 
a WRITE instruction is recognized by the device and all 
data bits have been clocked in, the device performs an 


OP1 OP2 








DO 


ERASE Mode 


The ERASE instruction forces the data bits of the speci- 
fied address all to logical "1s". The ERASE cycle is 
completely self-timed and commences automatically 


ERASE MODE 


A4 
oe: 
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NEW INSTRUCTION | 


OR STANDBY (GS = 0) 


automatic ERASE cycle on the specified address before 
the data are written. The WRITE cycle is completely self- 
timed and commences automatically after the last data 
bit (D0) has been clocked in. 


The WRITE cycle takes 2 ms max. 


YYVVVVVYY¥ ¥ ar | xf XY WY xy 
WRITEMODE KROME TLE LE LILI LIL LI Ly) Gee 
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after the last address bit has been clocked in. 
The ERASE cycle takes 1 ms max. 
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| 





NEW INSTRUCTION 
OR STANDBY (CS = 0) 
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ERASE/WRITE Enable/Disable (EWEN, EWDS) 


The device is automatically in the ERASE/WRITE Dis- instruction has to be performed before any ERASE, 
able mode (EWDS) after power-up. Therefore, an EWEN WRITE, ERAL, WRAL instruction is executed by the 
, | device. | 
















KXXXKXKK KKK]. 
RORY 


ERASE/WRITE clk Rx 
ENABLE/DISABLE | | 


XK 


RY 












SB OPi1 OP2 












KKK OKRA 
of ON J ’ IRI RX KKK 
1 0 0 0 0 (EWDS) 


1 1 Xx xX X Xx (EWEN) 


NEW INSTRUCTION 
OR STANDBY (CS = 0) - 





ERASE All (ERAL) 


The entire chip will erased to logical "1s" if this instruc- clocked in. 

tion is received by the device and itis inthe EWEN mode. 

The ERAL cycle is completely self timed and com- Peni ianes 2 Me max. 
mences after the last dummy address bit has been 
















ERASE ALL CLK 


RXXXXKAXY 
RI 





XXX) DOOR RAR KARIN 
PSY, WRIA ROK ROR 









OOK 


Te Test [== —pe| Tos. bag. 


cs Ie pean 
_ . = l | CHECK ! 


SB OP1 OP2 | | 














REXRKKKKRERKERKREKKRKREORY? | | 
a ERROR OKRA (ee ae ee 
1 0 0 1 0 X X X X 
ie +4 Tooz | }~- 


| 

Tsv -_ p< | 
DO. ———— HIGH -2 | BSY | RDY 

| 


<_§——— Two cei a | 
NEW INSTRUCTION 


OR STANDBY (CS = 0) 





WRITE All (WRAL) 


The entire chip will be written with the data specified in cycle for the chip. Therefore, the WRAL instruction must 
that command. The WRAL cycle is completely self- be preceded by an ERAL instruction and the chip must 
timed and commences after the last data bit (DO) has be in the EWEN status in both cases. 


peel clocked: in. WRAL takes 15 ms.max, The WRAL instruction is used for testing and/or device 


Note: The WRAL does not include an automatic erase initialization. — | 


dye} Tesi ~ Be} Test n- 


cs / / / 1 \ STATUS 



















OOK 
OOO) 
ROKK 


WRITE ALL 











| CHECK 
SB OP1: OP2~. . D15 Do ) 
: QIK KKK KKK ONY 
DI RB | or RCI, 44 RK \ ‘ 
. 1 0 0 0 1 x xX X Xx l ; , 
| a, ~q—- Tsv 





| eee . ‘ 
DO ee ee ee PGR lasy oS 


| : 
——_— Two —pe! 


. . ; . NEW INSTRUCTION 


OR STANDBY (CS = 0) 








DS20042B-6 


6a fees © 1990 Microchip Technology Inc. 
~ 4-142 } 


93C46 DICE FORM 


NOTES: 
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93C46 DIcE FORM 


SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


PART NUMBERS 


93C46 - /W 


Package: W __ Dice in Wafer 
S Dice in Wafflepack 
Temperature Blank 0°C to +70°C 
Range: 
Device: 93046 1K CMOS Serial EEPROM 
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APPLICATION NOTES 


24CXX / 85CXX TO MICROCONTROLLER 


COMMUNICATION 
Two Wire Bus Interface to PIC16C54 


The Microchip Technology Inc.'s 24Cxx and 85Cxx serial EEPROMs feature a two 
wire serial interface bus. The bus protocol is I2C compatible. Interface to a serial 
port with !2C bus protocol in a microcontroller is trivial. This application note is 
intended for design engineers who want to develop their software programs to 
communicate a microcontroller with a two wire bus serial EEPROM through a 
general purpose I/O port. 


Unlike other 3-wire bus serial EZ2PROMs, the 24Cxx/85Cxx communicate with any 
microcontroller only by a serial data I/O line (SDA) and a serial clock (SCL). Chip 
select is not required. Data transfer may be initiated only when the bus is not 
busy. During such transfer, the data line (SDA) must remain stable whenever the 
clock line (SCL) is high. Changes in the data line while the clock line is high are 
interpreted as a START or STOP condition. A typical transfer format is shown in 
Figure 1. 


ACK SIGNAL 
FROM RECEIVER 
MSB - LSB MSB - LSB MSB - LSB 


“VAAL 


eal dete alee pee es AL 


START ADDRESS RW ACK DATA ACK DATA ACK STOP 
CONDITION CONDITION 





Fig. 1 Transfer Format 
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After the START condition, a slave address is sent. This address is 7-bits long, — 


the eighth bit is a data direction bit (R/W) - a logical '0' indicates a transmission 
WRITE, a logical '1' represents a request for data READ. A data transfer is always 
terminated by a STOP condition generated by the master controller. However, if a 
master still wishes to communicate on the bus, it can generate another START 


- condition, and address another slave without first generating a STOP condition. 


Various combinations of read/write formats are then possible within such transfer. 


NC PIN FOR 85Cxx, 

NF PIN FOR 24C01A AND PIC 16C54 - XT 
WP PIN FOR 24C02A/24C04A 

CHIP ADDRESS INPUTS, MUST BE 

TIED TO Vcc OR Vss. 





Fig. 2. A Simple Hardware Connection 


DS00515A-2 


An example program has been provided in Appendix A containing all PIC16C54 
routines needed to exercise a 24Cxx or 85Cxx device. A simple hardware 
connection is illustrated in Figure 2. A maximum of 8 
24C01A/24C02A/85C72/85C82s or 4 24C04A/85C92s can be addressed by a 
microcontroller on the same two wire bus without additional interfaces. Each 
device is identified by its Chip Address and will only respond to a correct slave 
address of a serial communication. A detailed bus flow is shown in Figure 3. 


1-146 
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COMMUNICATING WITH TWO WIRE/I2C BUS 


Figure 3 as shown below describes how the bit stream is set up for READ and WRITE mode in the 
microcomputer programming software prior to sending it on the two wire serial bus. 


1. START CONDITION 5. EEPROM DRIVES BUS LOW WITH ACKNOWLEDGEMENT 
2. 4 BIT DEVICE CODE 1010 FOR 24CXX/85CXX . (TIMEOUT IF NO RESPONSE) 
3. DEVICE ADDRESS A0=PA, HIGH ORDER ADDRESS 6. ADDRESS FOR DATA, A7-A0 (MSB-LSB) 

BIT A8 FOR 24C04A/85C92 7. BUS LOW FOR ACKNOWLEDGEMENT 


4. 0=WRITE TO ADDRESS REGISTER 





Fig. 3A Setting The Internal Word Address Of The 24Cxx/85Cxx 


SECOND DATA BYTE THIRD DATA — 
BYTE, ETC. 
STOP ——— 
CONDITION 


SCL 


PR one eee 


SDA 


3 0 fel] fo Drea] «Tal ela. ol «fa f 
6D | feta ete aetna octane sal moe 
b —— @ @) ® © © 66 


1. START CONDITION 5. ACKNOWLEDGE FROM EEPROM 
2. 4 BIT DEVICE CODE 1010 FOR 24CXX/85CXX 6. FIRST DATA BYTE 

3. DEVICE ADDRESS A2, A1, AO. AO = PA, HIGH ORDER 7. SECOND DATA BYTE, ETC. 
ADDRESS BIT A8 FOR 24C04A/85C92 8. STOP CONDITION 

4. 1 = READ MODE 


READ UP TO 128 BYTES (24C01A, 85C72) 
READ UP TO 256 BYTES (24C02A/04A, 85C82/92) 


Fig. 3C Read Mode Sequence 


The stop condition after write starts the internal self-timed write cycle which may last up to 6 
milliseconds (.7 ms per byte). Acknowledge signal should be monitored during this period. 
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Appendix A: 


PICALC CROSS ASSEMBLER 2.00 _d:\seeprom\appnotes\i2cbus.asm 
Apr 11 15:36:02 1990 PAGE 1 . 





TWO WIRE/I2C BUS INTERFACE WITH PIC16C5x 


0001 TITLE "TWO WIRE/I2C BUS INTERFACE WITH PIC16C5x" 
0002 ; | 
0003 LIST P=16C54 
0004 Fin | 
0005 PRR KEK KK KK KKK KKK KR KK KKK KK KKK EKER KK KR KEK KKKKEK KKK KKK KK KKK 
0006 ;** Two wire/I2C Bus READ/WRITE Sample Routines 
H of Microchip's 24Cxx/85Cxx serial CMOS 
0007 ;** EEPROM interfacing to a PIC16C54 8-bit CMOS 
0008 7;** gsingle chip microcomputer 
0009 al a 
0010 7** Part use = PIC16C54-xT/JW 
0011 7;** Note: 1) All timings are based on a 
; reference crystal frequency of 2 MHz which 
; is equivalent to an instruction cycle 
0012 7** time of 2 usec. 
0013 7** 2) Address and literal values are read 
| 4 in octal unless otherwise specified. 
3) The following sample program is 
: intended to interface a two wire/I2C 
; serial EEPROM with a PIC16C54 on a 
; stand-alone application only. 
; In the case where the two wire bus is 
; multiplexing with other circuitry, it is 
: recommended to check the 24Cxx/85Cxx in 
; standby mode to avoid bus contention. 
0014 lal 
0015 PRR KKK KK EK KKK KEK KKK KKK KKK KKK KKK KKK KK KKKKEKKKKKK KEK KKK KKK K 
0016 ; 
0017 (0 pee eee enn - eo 22 --- ---- - - - - - --- - - == 
0018 ; Files Assignment . . 
0019 fm er rte eee een ere een leabetetetaheteaten — om om mm om 
0020 ; 
0021 0002 BC EQU 2 ; Program counter . 
0022 0004 FSR EQU 4 ; File Select Register 
0023 0005 RA EQU a) ; Port A use to select 
; device address 
0024 0006 RB EQU 6 ; RB7 = SDA, RBO6 = SCL 
0025 ; . | 
0026 0010 STATUS EQU. 10 + Status register 
0027 0011 FLAG EQU i ; Common flag bits 
; register 
0028 0012 EEPROM EQU 12 ; Bit buffer 
0029 0013 ERCODE EQU 13 ; Error code (to indicate 
a ; bus status) . | 
0030 0020 ADDR EQU 20 ; Address register 
0031 0021 DATAI EQU 21 ; Stored data input 
; register | 
0032 0022 DATAO EQU 22 ; Stored data output 
; register 
0033 0023 SLAVE EQU 23 ; Device address _ 
-¢ (1010xxx0) 
0034 0024 TXBUF EQU 24 ; TX buffer 
0035 0025 RXBUF EQU 25 ; RX buffer 
0036 0026 COUNT EQU 26 ; Bit counter 
037. Ree | | aie 
0038 0030 $$ TIMERO EQU 30 3 Delay timer0 
0039 0031 TIMER1 EQU 31 _ 43 Delay timerl 
0040 i | 
0041 iz 
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0042 
0043 
0044 
0045 
0046 
0047 
0048 
0049 
0050 
0051 
0052 
0053 
0054 
0055 
0056 
0057 
0058 
0059 
0060 
0061 
0062 
0063 
0064 


0065 
0066 
0067 
0068 
0069 
0070 
0071 
0072 
still 
0073 


0074 


0075 


0076 
0077 
0078 


0079 
0080 
0081 
0082 
0083 


0084 
0085 
0086 
0087 
0088 
0089 
0090 
0091 
0092 
0093 
0094 
0095 


0096 
0097 
0098 


COMMUNICATING WITH TWO WIRE/I2C BUS 


; Bit Assignments 
FLAG Bits 
ae ERROR EQU 0 ; Error flag 
EEPROM Bits 
a DI EQU 7 ; EEPROM input 
0006 DO EQU 6 ; EEPROM output 


2 I2C Device Bits 


0007 SDA EQU 7 ; RB7, data in/out 
0006 SCL EQU 6 ; RB6, serial clock 
: END FILES/BITS EQUATE 
; Two wire/I2C - CPU communication error status table 
; and subroutine 
* dinput =; W-reg = error code 
; output : ERCODE = error code 
: FLAG (ERROR) = ] 
: code error status mode 
: 1 : SCL locked low by device (bus is 
busy) 
i 2 : SDA locked low by device (bus is still 
busy) 
; 5 ; No acknowledge from device (no 
handshake) 
: 4 : SDA bus not released for master to 


0000 
0001 


0002 
0003 


0004 


© 1990 Microchip Technology Inc. 


generate STOP bit 


ee re eee ee ee mee me ee meee ee care ee eee ee ce cree ome tee mee mete eee ree ame ete at eS ere em em ene ee ome mn ome ed oe cee ee ee ee ee ce ee ee es 


; Subroutine to identify the status of the serial clock 
; (SCL) and serial data 

+ (SDA) condition according to the error status table. 
; Codes generated are useful for bus/device diagnosis. 


ERR 

3411 BTFSS FLAG, ERROR ; Remain as first error 
; encountered 

0053 MOVWF ERCODE ; Save error code 

2411 BSF FLAG, ERROR ; Set error flag 

4000 RETLW 0 

? 

; START bus communication routine 

; input : none 

; output : initialize bus communication 


ia Ne ee needed taneanenel 


; Generate START bit (SCL is high while SDA goes from 

; high to low transition) and check status of the 

* serial clock. 

BSTART 

6077 MOVLW B0OLLTIiL* ; Put SCL, SDA line in 
; output state 
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0099 
0100 
0101 


0102 
0103 
0104 


0105 
0106 
0107 
0108 
0109 
VLLO 
OL 
0113 
0114 
OLS 
0116 
Ol: 
0118 
ULL 
0120 
O12 


0122 
0123 
0124 
UL2Z5 
0126 
0127 
0128 
OL29 
0130 
0131 


0132 


0133 
0134 
0135 


0236 
0137 
0138 
0139 
0140 
0141 


0142 
0143 
0144 
0145 
0146 
0147 
0148 
0149 
0150 
-O151 
0152 
0153 
0154 
O155 
0156 


0157 
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0005 
0006 
0007 


0010 
0011 
0012 


0013 
0014 
0015 
0016 
0017 


0020 
0021 
0022 
0.023 
0024 
0025 
0026 


0027 


0030 
0031 
0032 


0033 


0034 
0035 
0036 
0037 
0040 
0041 
0042 
0043 


0044 


0045 


0006 TRIS RB 

2706 BSF RB, SCL ; Set clock high 

6001 MOVLW 1 ; Ready error status 
; code 1 

3706 BTFSS RB, SCL ; Locked? 

4400 CALL ERR ; SCL locked low by device 

2346 BCF RB, SDA ; SDA goes low during SCL 
; high 

0000 NOP ; Timing adjustment 

0000 NOP 

0000 NOP 

2306 BCF RB, SCL ; Start clock train 

4000 RETLW 0 

7;END SUB 

; STOP bus communication routine 

; Input None 

; Output Bus communication, STOP condition 


Om em came cen me ee ca ee ce ee ee ee ee ee eee ee met ne ee te cee nem et me eee tee mee hems thems ie rime meme te ee 


; Generate STOP bit 


; SCL high state) 
; and check bus conditions. 


BSTOP 
2346 
0000 
0000 
2706 
6001 
3706 
4400 


2746 


6004 
3746 


~4400 


4000 


7;END SUB 


BGF 
NOP 
NOP 
BSF 
MOVLW 
BTFSS 
CALL 


BSF 
MOVLW 
BTFSS 
CALL 


RETLW 


RB, SDA 


RB, SCL 
d; 

RB, SCL 
ERR 


RB, SDA 
4 


RB, SDA 
ERR 


e 
v 


. 
7 
° 
, 
. 
, 
° 
4 
. 
a 
. 
? 
. 
a, 
° 
vy 
. 
ta 
e 
a, 


° 
7 


(SDA goes from low to high during 


Return SDA to low 


Set SCL high 

Ready error code 1 
High? 

No, SCL locked low by 
device 

SDA goes from low to 
high during SCL high 
Ready error code 4 
High? 

No, SDA bus not release 
for STOP 


send from PIC to serial EEPROM, 
7 bit-by-bit subroutine 


; Serial data 


© cme mene mmm mem ee cee ee ee mer mes ee es cece ee te ree ee men eee nee i i ee et ete ee ee 


ce a ee eee ete cree em ene ee te re re meme wn me seth neh cement eve msm mms teh cere meee mein cee fe ems teh et mn emmy eee 


F Input 

: Output 
BLTIN 

C207 ‘“MOVLW 
0006 TRIS 
2746 BSF 
2392 BCY 
2706 BSF 
6001 MOVLW 
3306 BTFSC 
5047 GOTO 
3411 BTFSS 
0053 MOVWF 


| ele) M9 i Se a 
RB 

RB, SDA 
EEPROM, DI 
RB, SCL 

1 

RB, SCL 
BIT1 

FLAG, ERROR 


ERCODE 


1-150 


° 
7 


° 
, 


° 
7 


° 
, 


e 
7 
e 
tf 


e 
a, 


Force SDA line as input 
Set SDA for input 

Clock high 

Skip if SCL is high 
Remain as first error 


encountered 
Save error code 
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0158 0046 2411 BSF FLAG, ERROR ; Set error flag 
0159 BIT1 
0160 0047 3346 BTFSC RB, SDA ; Read SDA pin 
0161 0050 2752 BSF EEPROM, DI ; DI = l 
0162 0051 0000 NOP ; Delay 
0163 0052 2306 BCF RB, SCL ; Return SCL to low 
0164 0053 4000 RETLW 0 
0165 
0166 7END SUB 
0168 ; 
0169 aaa a aaa a a al ci cl la 
0170 ; Serial data’ receive from serial EEPROM to PIC, 
; bit-by-bit ‘subroutine 
0171 PSs Sate Sele ee SSeS eS aS SS SS aS See 
0172 ; Input : EEPROM file 
0173 ; Output ' From (DO) of serial EEPROM device 
; to: PIC 
0174 | ehaeaiateteteaheaetetaateateatentaaaa tet entent een eetatntaaeeradetetetenteteteteteheteteteeatetadteatetenteate 
0175 ; 
0176 BITOUT 
0177 0054 6077 MOVLW BY O0LLTITE* * Set SDA, SCL as outputs 
0178 0055 0006 TRIS RB 
0179 0056 3712 BTFSS EEPROM, DO 
0180 0057 5070 GOTO BITO 
0181 0060 2746 BSF RB, SDA ; Output bit 0 
0182 0061 6002 MOVLW 2 
0183 0062 3346 BTFSC RB, SDA ; Check for error code 2 
0184 0063 5074 GOTO +=CLKl1 
0185 0064 3411 BTFSS FLAG, ERROR ; Remain as first error 
; encountered 
0186 0065 0053 MOVWE ERCODE ; Save error code 
0187 0066 2411 BSF FLAG, ERROR ,; Set error flag 
0188 0067 5074 GOTO . CLKl ; SDA locked low by device 
0189 ; . 
0190 BITO 
0191 0070 2346 BCF RB, SDA ; Output bit 0 
0192 0071 0000 NOP ; Delay 
0193 0072 0000 NOP 
0194 0073 0000 NOP 
0195 CLK1 
0196 0074 2706 BSF RB, SCL 
0197 0075 6001 MOVLW 1 ; Error code 1 
0198 0076 3306 BTFSC RB, SCL ; SCL locked low? 
0199 0077 5103 GOTO BIT2 ; No. 
0200 0100 3411 BTFSS FLAG, ERROR , Yes. 
0201 0101 0053 MOVWEF ERCODE ; Save error code 
0202 0102 2411 BSF FLAG, ERROR ; Set error flag 
0203 BIT2 
0204 0103 0000 NOP 
0205 0104 0000 NOP 
0206 0105 2306 BCF RB,SCL ; Return SCL to low 
0207 0106 4000 RETLW 0 . 
0208 ; 
0209 7;END SUB 
0211 ; 
0212 ; 
0213 pS SS ee SSeS eee eS eee See Ser SS ae eee 
0214 ; RECEIVE DATA subroutine 
0215 kl aeaiaetiataa kent iaatantentaateatetentialeteaiathetenterteatenieneatetaataeeietetetaaetateatieahatabeteteitetetedaten 
0216 : Input $ None 
0217 ; Output : RXBUF = Receive 8-bit data 
0218 pees SSS SS Sh SSeS = SSS HSS eS SS eee SSS See See Se ee 
0219 7 
0220 RX 
‘0221 0107 6010 MOVLW 8 ; 8 bits of data 
0222 0110 0066 MOVWE COUNT 
© 1990 Microchip Technology Inc. | DS00515A-7 
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0223 
0224 
0225 
0226 
0227 
0228 
0228 
0229 
0230 
0230 
0231 
0232 
0233 
0234 
0235 
0236 
0237 
0238 
0239 
0240 
0241 
0242 
0243 
0244 
0245 
0246 
0247 
0248 
0249 
0250 
0251 
0252 
0253 
0254 
0255 


0256 
0257 
0258 
0259 
0260 
0260 
0261 
0262 
0262 
0263 
0264 
0265 
0266 
0267 


0268 


0269 
0270 
0271 
0273 
0274 
0275 
0276 


0277. 


0278 
0279 
0280 
0281 
0282 
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0111 


0112 
0113 
0113 
0114 
0115 
0115 
0116 
0117 
0120 
0121 
0122 
0123 
0124 
0125 
0126 


0127 
0130 


0131 
0132 


0133 
0134 
0135 
0136 
0136 
0137 
0140 
0140 
0141 
0142 
0143 
0144 
0145 
0146 


0147 


0150 


0165 CLRF RXBUF 
RXLP 
1565 RLF RXBUF ; Shift data to buffer 
SKPC 
3403 + BTFSS 3,70 
2025 BCF RXBUF, 0 ; carry <---> £(0) 
SKPNC 
3003 + BTFSC 3,0 
2425 BSF RXBUF, 0 
4434 CALL BITIN 
3352 BTFSC EEPROM, DI 
2425 BSF RXBUF, 0 ; Input bit =1 
1366 DECFSZ COUNT ; 8 bits? 
5112 GOTO RXLP 
2712 BSF EEPROM, DO ; Set acknowledge bit = 1 
4454 CALL BITOUT ; to STOP further input 
4000 RETLW 0 
;END SUB 
: TRANSMIT DATA subroutine 
; Input TXBUF 
; Output Data X'mitted to EEPROM device 
TX 
6010 MOVLW 8 
0066 MOVWF COUNT 
TXLP 
2312 BCE EEPROM, DO ; Shift data bit out. 
3364 BIFSC TXBUF,7 ; If shifted bit=0, data 
,# ; bit = 0 
2712 BSF EEPROM, DO ; Otherwise data bit = 1 
4454 CALL BITOUT ; Serial data out 
1564 RLF TXBUF ; Rotate TXBUF left 
SKPC eo £6) meee o£ (7) 
3403 + BTFSS 3, 0 
2024 BCF TXBUF, 0 - £(7) ---> carry 
SKPNC | ; carry ---> £(0) 
3003 + £=BTFSC 3,0 
2424 BSF TXBUF, 0 
1366 DECFSZ COUNT ; 8 bits done? 
5131 GOTO TXLP 7 No. 
4434 CALL BITIN ; Read acknowledge bit 
6003 MOVLW 3 
3352 BTFSC EEPROM, DI ; Check for 
; acknowledgement 
4400 CALL ERR ; No acknowledge from 
; device 
4000 RETLW 0 
7END SUB 
; BYTE-WRITE, write one byte to EEPROM device 
; Input : DATAO = data to be written 
' ADDR destination address 
; SLAVE device address (1010xxx0) 
; Output ;: Data written to EEPROM device 


© me we me ew ee nee we em ee ee cme cee em em te ce em ee me ee muy cone CUP GY ND UE OES eam em com ERD ee GoD ent ce abe aR a SE SD GD cen aOD Gr Coe am tem on em aw uy 
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0283 0200 ORG 200 ; The location for BYTE- 





; WRITE routine can be 
0284 ; assigned anywhere 
; between (377- 777) 
; octal. 
0285 WRBYTE 
0286 0200 1023 MOVF SLAVE, W ; Get SLAVE address 
0287 0201 0064 MOVWF TXBUF ; to TX buffer 
0288 0202 4404 CALL BSTART ; Generate START bit 
0289 0203 4527 CALL TX ; Output SLAVE address 
0290 0204 1020 MOVF ADDR, W ; Get WORD address 
0291 0205 0064 MOVWF TXBUF ; into buffer 
0292 0206 4527 CALL TX ; Output WORD address 
0293 0207 1022 MOVF DATAO, W ; Move DATA 
0294 0210 0064 MOVWE TXBUF ; into buffer 
0295 0211 4527 CALL TX ; Output DATA and detect 
; acknowledgement 
0296 0212 4420 CALL BSTOP ; Generate STOP bit 
0297 ; 
0298 ; 
0299 ; 
0300 eS ses ess See SSR eS Se She aS ee ee eee ee eee 
0301 ; BYTE-READ, read one byte from serial EEPROM 
; device . 
0302 a a a a a ata ala a Te 
0303 ; Input : ADDR = source address 
0304 : SLAVE = device address (1010xxx0) 
0305 : Output : DATAI = data read from serial 
EEPROM ; 
0306 pak ees SSS See ee ee eS ee SSS Se See SS ee Se a ee eee ae 
0307 ; 
0308 0300 ORG 300 ; The location for BYTE- 


; READ routine can be 
; assigned anywhere 


0309 ; ; between (377-777) octal. 
0310  RDBYTE 
0311 0300 1023 MOVF SLAVE, W ; Move SLAVE address 
0312 0301 0064 MOVWF TXBUF :; into buffer (R/W = 0) 
0313 0302 4404 CALL BSTART ; Generate START bit 
0314 0303 4527 CALL TX ; Output SLAVE address. 
; Check ACK. 
0315 0304 1020 MOVF . ADDR,W ; Get WORD address 
0316 0305 0064 MOVWE TXBUF 
0317 0306 4527 CALL TX ; Output WORD address. 
; Check ACK. 
0318 0307 4404 CALL BSTART ; START READ (if only one 
; device 
0319 0310 1023 MOVF SLAVE, W ; is connected to the I2C 
; bus) 
0320 0311 0064 MOVWE TXBUF vo 
0321 .0312 2424 BSF TXBUF, 0 ; Specify READ mode 
7 ; (R/W = 1) 
0322 0313 4527 CALL TX ; Output SLAVE address 
0323 0314 4507 CALL RX ; READ in data and 
; acknowledge 
0324 0315 4420 CALL BSTOP ; Generate STOP bit 
0325 0316 1065 MOVE RXBUF ; Save data from buffer 
0326 0317 0061 MOVWEF DATATI ; to DATAI file. 
0327 i 
0328 . ; 
0329 ; 
0330 END 


SASM-I, No Errors, No Warnings 
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COMMUNICATING WITH TWO WIRE/I2C BUS 


NOTES: 
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ER59256/93C06 AND NMC9306/NMC93C06 
COMPATIBILITY ISSUE 


The ER59256 and 93C06 are 256 bits (16 x 16) serial EEPROM currently offered by 
Microchip. ER59256 is fabricated in N-channel SNOS technology and 93C06 in 
advanced CMOS. There are some uncertainties in the field regarding the compatibility 
between Microchip's 256 bits serial EEPROM and National. Namely NMC9306 and 
NMC93CO6. This report highlights the differences. 


Software Differences 


Microchi ER592 Microchi 3 National NMC9306/NMC93C06 
INSTRUCTION SB OPCODE ADDRESS DATA SB OPCODE ADDRESS DATA SB OPCODE ADDRESS DATA 
READ 1 1000 A3A2A1A0 . 1 1000 ~ A3A2A1A0 - 1 10XX A3A2A1A0 

- WRITE 1 0100 A3A2A1A0 D15 - DO 1 0100 A3A2A1A0 D15 - DO 1 01XX A3A2A1A0 D15 - DO 

ERASE 1 1100 A3A2A1A0 1 1100 A3A2A1A0 1 11XX A3A2A1A0 
EWEN 1 0011" 0000 1 0011 XXXX 1 0011 X KX 
EWDS | 1 0000 0000 1 0000 XXXX 1 0000 X X X X 
ERAL 1 0010 0000 1 0010 XXXX 1 0010 XX XX 
WRAL NOT SPECIFIED 1 0001 XXXX D15- DO 1 0001 XXXX D15 - DO 
Note: EWEN ..... Erase/Write Enable ERAL ..... Erase All 

EWDS ..... Erase/Write Disable WRAL .... Write All 


From the instruction sets shown, the address bits on EWEN, EWDS, ERAL and WRAL 
are "don't care" for 9306/93C06 and all logical 0's for ER59256. The WRAL instruction is 
not specified for ER59256. The two LSB of the opcode are "0 0" for Microchip's 
ER59256/93C06 and "don't care” for National's NUC9306/NMC93CO6. In order to make 
software fully compatible to all parts, it is recommended to design program with all logical 
O's in place of the "don't care" bits. 


Polling is available on the 93C06 and NMC93CO6. The soft polling can be done by 


checking the status signal on the DO line (pin 4). A low busy signal (BSY) indicates the 
device is still in the programming mode and a high level (RDY) represents the device is 
ready to receive new instruction. ER59256 and NMC9306 however, do not provide this 
feature. 
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ER59256/93C06_ AND NMC9306/NMC93C06__ 


Hardware Differences 


DS00516A-2 


Microchip National 
PARAMETER ERS9256 93006 NMC9306 NMC93C06 
PIN 6 NC NC NC NC 
PIN 7 TEST NC NC NC 
CLOCK FREQ 250 KHZ 1 MHZ 250 KHZ 1 MHZ 
CLK DUTY CYCLE 25% - 75% not specified not specified not specified 
CLK HIGH TIME min. not specified 500ns Tus- 250 ns 
CLK LOW TIME min. not specified 500ns 1 us 250 ns 
CS LOW TIME min. not specified 100ns 1 us 250 ns 
ENDURANCE 10K 100K 40K 40K 
ESD RATING 1.0 KV 4.0 KV 2.0 KV 2.0 KV 
E/W TIME 10 - 30 ms 2ms 10 - 30 ms 10 ms 
ACTIVE CURRENT 10 mA 4mA 10mA 3mA 
STANDBY CURRENT 3mA 100 uA 3mA 50 uA 


Pin 6 and 7 configuration - 


Microchip uses the pin 6 and 7 of ER59256 for factory internal test purposes. Pin 6 is 
used to monitor the on-chip charge pump which generates the required internal high 
programming voltage (>20 volts) during the ERASE and WRITE cycles. Any circuitry 
connects to this pin will force to reduce the data retention of the device or even no 
programming will take place. Signal on pin 7 can force the device into its internal test 
modes resulting in overprogramming all memory locations. It is therefore recommended 
that pin 6 should be left open and pin 7 tied to Vss for normal operation. 


Microchip's 93C06 and National's NUC9306/NMC93C06 have their pin 6 and 7 physically 
not utilized. To make ER59256 compatible, the TEST pin (pin 7) can be left floating but 
must be kept "clean" (noise-free). 


‘Clock high time, clock low time - 


For a clock frequency of 250 kHz, both ER59256 and NMC9306 specify the same 
electrical parameters: 


250 kHz equals 4 us clock cycle time 
25% of the clock period (4 us) = 1 us (clock high time) 
75% of the clock period (4 us) = 3 us (clock low time = 4 - 3 us =1 us) 


For slower clock frequencies, the ER59256 spec would restrict the user regarding clock 
low and high times: 


A clock frequency of 100 k Hz = 10 us cycle time 
would result in clock low = 75% of 10 us = 7.5 uS 
and clock high = 25% of 10 us = 2.5 us. 


In reality, Microchip's ER59256 can fulfill National's NMUC9306 spec regarding SK low and | 
SK high equal to 1 usec over all operating frequencies as 250 kHz is the maximium | 
allowable frequency and is therefore the worst case. 


© 1990 Microchip Technology Inc. 
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ER59256/93C06_ AND NMC9306/NMC93CO6 


Chip select low time - 


All parts require a chip select (CS) input goes low between any two instructions. 
Programming of the part (ER59256, NWYC9306,NMC93C06) begins at the falling edge of 
the CS. Microchip's 93C06 however, starts self-programming at the rising edge of the last 
data clocked bit. CS goes low and high with a minimium of chip select low time en 
during programming can be used for polling purpose as discribed in 2. 
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ER59256/93C06_ AND NMC9306/NMC93C06 


NOTES: 
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24C0O1A COMPATIBILITY ISSUE 
AND ITS MOBILITY FOR MEMORY UPGRADE 


Introduction 


The 24C01 is a 1K (128 x 8) serial EEPROM which is currently offered by Microchip and 
Xicor. There are several important differences between the two devices which are 
discussed in this report. This report refers to the Microchip part as the 24C01A and the 
Xicor part as the X24C01. It is intended to assist in designing a board which is compatible 
with either device. | 


Compatibility Issues 


There are three major differences between Microchip 24C01A and Xicor X24C01 as 
detailed in the following paragraphs. 


2.1 PAGE MODE DIFFERENCES 


The 24C01A was originally designed to work in the same socket as the PCD8572 which 
has a two-byte page mode. Its page is therefore two bytes deep. The X24C01 has a 
page mode of four bytes depth. 


If more than two bytes are transmitted to the 24C01A during a page programming cycle, 
the 24C01A will terminate the write cycle. 


In many applications where serial EEPROMs are used and speed is not a key issue, the 
byte write mode can be used without any loss of system performance. If only the byte 
write mode is used, there is no compatibility problem (other than the slave address 
software differences discussed in 2.2). 


If the page write feature must be used, two different page mode algorithms can be 
transmitted by the master depending upon whose device is being used. The master will 
have to first do a polling routine to determine if it is interfacing with a 24CO1A or X24C01. 
This polling technique is discussed in 2.2. . 
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Interestingly, the 24C01A actually updates faster in the page mode even though it has 


one-half the page depth of the X24C01. This is due to the faster write cycle time of the 


24C01A. The two devices are compared below: 


Microchip Xicor 
Max byte program time 1 ms 10 ms 
Max page program time | 2 ms (2 bytes) 10 ms (4 bytes) 
Max time to program 4 bytes 4ms 10 ms 
Max time to rewrite device | 128 ms 320 ms 


2.2 SOFTWARE DIFFERENCES 


Microchip’s 24C01A is designed to share a 2-wire bus on which it resides with other 
devices. To support this, the first byte of each command sequence from the master to 
the 24C01A must be a slave address. The 24C01A monitors the 2-wire bus for its slave 


address and “wakes-up” from standby mode if the address tre:ismitted matches its 
address as defined by the voltage level (Vss or Vcc) on pins 1, 2 and 3. X24C01 does not 


support a multiple device bus and will always “wake-up” if a start condition is detected. 


A slave address must be transmitted to the 24CO1A at certain points during reading and 
writing. This slave address is not required by the X24C01. Transmitting a slave address to 
X24C01 will result in erroneous operation. This problem can be solved by having the 
master transmit the the proper serial bit pattern to the slave, but first the master has to be 
ascertained which 24C01 it is communicating with. 


The master can do a simple polling routine before beginning serial communication with 


24C01A or X24C01 to determine which device it is working with. The proper serial 


protocol for both devices must be contained in the master controller’s firmware. Once the 
master knows which 24C01 is on the bus, it can execute the proper serial commands. 


The polling consists of the pattern like the one shown below: 
SDA LINE: | start srt |! 00000001 | ACKNowLEDGE Bit | DATA 7...0 | 


If a X24C01 is used on the 2-wire bus, an acknowledge bit and eight data bits will be 


returned whereas 24CO1A will issue no response and will ignore the command. 


2.3 HARDWARE DIFFERENCES 


‘As described earlier, the DACOIA is desinnee to share a 2-wire bus with other devices 
_ while the X24C01 is not. Chip address bits are included in the slave address for the 


24C01A, and are incorporated into pins 1, 2 and 3 of the device. They must be 


connected to Vcc or Vss for proper operation. Since pins 1, 2 and 3 of the Xicor part are 


NC (no connect) pins and they are not internally connected, they can be tied high or low. 
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Another hardware difference involves pin 7 which MUST be connected to Vss on 
X24C01. The 24C01A can have pin 7 connected to Vss or Vcc. 


If only one device is planned for the 2-wire bus, the board can be made compatible for 
either device by connecting pins 1, 2 and 3 to either Vss or Vcc and tieing pin 7 to Vss. 





Mobility For Memory Upgrade And Expansion 


In system applications where the master device needs to address more than one serial 
EEPROM on a 2-wire bus, Microchip’s 24C01A offers the flexibility. Up to eight 24C01As 
can be connected to the 2-wire bus. More than one Xicor X24C01 connecting to the bus 
may result in bus contention. 


If memory upgrade is required, Microchip’s 24CO1A can be upgraded to 24C02A (256 x 
8) or 24C04A (512 x 8) on the same IC socket with NO change in hardware. Using Xicor 
X24C01 will have to reconfigure both software and hardware to accomodate the changes. 
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NOTES: 
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SECTION 2 
EEPROM PRODUCT SPECIFICATIONS 


28C04A 4K (512 x 8) CMOS Electrically Erasable PROM ............:ccscccsscseccsseeeeesseessssneeesseees 2- 1 
28C16A 16K (2K x 8) CMOS Electrically Erasable PROM ......0......eeececeeceteeseeneeeneeeesennseeeeeeens 2- 9 
28C017A 16K (2K x 8) CMOS Electrically Erasable PROM ..............cccccccsssssecsessneeeeeeseeeeneaes 2- 17 
28017A Dice 16K (2K x 8) CMOS Electrically Erasable PROM Die Form ................eeeeeeeeseeeeenees 2- 25 
28C64A 64K (8K x 8) CMOS Electrically Erasable PROM ..............::csssscesceeeesseeeeeeesateeteesanees 2- 33 
28C64A Dice 64K (8K x 8) CMOS Electrically Erasable PROM Die Form o.oo... eee eeeeeeeeeeeeeeeees 2- 41 
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Microchip 28C04A 


4K (312 x 8) CMOS Electrically Erasable PROM 








FEATURES DESCRIPTION 
¢ Fast Read Access Time—150ns Maximum The Microchip Technology Inc 28C04A is a CMOS 4K 
¢ CMOS Technology for Low Power Dissipation non-volatile electrically Erasable and Programmable 
—30mA Active Read Only Memory. The 28C04A is accessed like a 
—100nA Standby static RAM for the read or write cycles without the need 
¢ Fast Byte Write Time—200us or ims of external components. During a “byte write”, the 
¢« Data Retention >10 years address and data are latched internally, freeing the 
¢ High Endurance 10* Erase/Write Cycles microprocessor address and data bus for other opera- 
« Automatic Write Operation tions. Following the initiation of write cycle, the device 
—Internal Control Timer will go to a busy state and automatically clear and write 
—Auto-Clear Before Write Operation the latched data using an internal control timer. To 
—On-Chip Address and Data Latches determine when a write cycle is complete, the 28C04A 
* Data Polling uses Data polling. Data polling allows the user to read 
¢ Chip Clear Operation the location last written to when the write operation is 
¢ Enhanced Data Protection complete. CMOS design and processing enables this 
—Vcc Detector part to be used in systems where reduced power con- 
—Pulse Filter sumption and reliability are required. A complete family 
—Write Inhibit of packages is offered to provide the utmost flexibility in 
¢ 5-Volt-Only Operation applications. 


Organized 512x8 JEDEC standard pinout 
—24 Pin Dual-In-Line Package 

—32 Pin Chip Carrier (Leadless or Plastic) 
Available for Extended Temperature Ranges: 
—Commercial: 0° C to 70° C 

—Industrial: -40° C to 85° C 


PIN CONFIGURATION BLOCK DIAGRAM voo 


Top View 


Data Protection 
Circuitry 
Chip Enabie/ 
Output Enable 
Control Logic 


Auto Erase/Write 
Timing 


© 


4K bit 


Pr Cell Matrix 


A 

i 

i 

I 

i 

] 

] 

i 

< . ] 
@Pin 1 indicator on PLCC on top of package | 
A 


ce 
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1/00 - /O7 
Vcc 
Vss 

NC 


NU © 


Address Inputs 
~ Chip Enable 


Output Enable ~ 
Write Enable 

Data Inputs/Outputs 
+5V Power Supply 
Ground — 


No Connect; No Internal | 


Connection | 
Not Used; No External 
Connection is Allowed 





READ / WRITE OPERATION 
DC Characteristics 


Parameter 





Input Voltages 


Input Leakage 


Input Capacitance 


| Output Voltages 
Output iigakeod 


Output Gepaciane: 









Note: (1) AC power supply current above 5 MHz: 1 mA/MHz 


Power Suppy Current, Active 


| Power Supply Current, Standby 










Passeae "4 " 
Logic "0" 


ee 
== PE 


Logic my” 
Logic "0" 


TTL input 
TTL input 
CMOS input 


ELECTRICAL CHARACTERISTICS 
MAXIMUM RATINGS* 


Vcc and input voltages w.r.t. VSS ........ -0.6V to + 6.25V 


_ Voltage on OE W.I.t. VSS wccceeseeeeeeeeee -0.6V to +13.5V 
Output Voltage w.r.t. VSS oo. -0.6V to Vcc+0.6V 
- Storage temperature .................86..7°65° C to 125° C 


Ambient temp. with power applied ........ -50° C to 95° C 


“Notice: Stresses above those listed under “Maximum Rat- 
ings” may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
those or any other conditions above those indicated in the 
operation listings of this specification is not implied. Exposure 
to maximum rating conditions for extended periods may affect 
device reliability. 


Vcc = +5V +10% 
Commercial (C): Tamb= 0° Cto 70°C 
Industrial (1): Tamb= -40° C to 85° C 


Symbol eae 








2.0 seco 
-0.1 


p= VIN= -0.1V to VocHt 


VIN= OV; Tamb = 25° C; 


f = 1 MHz 


V lOH = -400UA 
0.45 V loL= 2.1mMA 
12 | 





VIN = OV; Tamb = 25° ¢; 
f= i: MHz ° : 


f = 5 MHz (Note 1) 
Voc = 5.5V; : 









mA CE = Vin (0° C to 70°C) . 
mA | CE = ViH (-40° C to 85° C) 
HAS CE= Vec- 0. 3 to Vcc+1 | 
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READ OPERATION AC Testing Waveform: = VIH= 2.4V; ViL= 0.45V; VoH= 2.0V; VOL = 0.8V 
AC Characteristics Output Load: 1 TTL Load + 100 pF 
Input Rise and Fall Times: 20 nsec 
Ambient Temperature: Commercial (C): Tamb= 0° C to 70°C 
Industrial (1): Tamb = -40° C to 85° C 


Parameter 





CE to Output Delay | tCE 
OE to Output Delay 
CE or OE High to Output Float | torr 





Output Hold from Address, CE tOH 
or OE, whichever occurs first 


READ WAVEFORMS 


Address <| Address Valid SS 


an 


{OFF(1,3) 


tOH 


\AA\\ High Z 
—{Q{{swcome 


tACC 


Notes: (1) toFFis specified for OE or CE, whichever occurs first = 
(2) OE may be delayed up to tcE - toE after the falling edge of CE without impact on tce 
(3) This parameter is sampled, and is not 100% tested 
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| AC Testing Waveform: VIH = 2.4V; VIL = 0.45V; VOH = 2.0V; VoL = 0.8V 
BYTE WRITE : Output Load: 1 TTL Load + 100 pF 
AC Characteristics Input Rise/Fall Times: 20 nsec . | 
Ambient Temperature: Commercial (C): Tamb = 0° C to 70°C 
Industrial (1): Tamb = -40° C to 85° C 


Parameter 


Write Cycle Time (28C04A) 0.5 ms typical 
Write Cycle Time (28C04AF) | 100us typical 


A write cycle can be initiated CE or WE going low, whichever occurs last. The data is latched on 
the positive edge of CE or WE, whichever occurs first. 

Data must be valid within 1000ns max. after a write cycle is initiated and must be stable at least until 
tDH after the positive edge of WE or CE, whichever occurs first. 


PROGRAMMING 
Waveforms 


VIH 
Address 


VIL 
ViH 


CE, WE 
VIL 


VIH 


Data In 
VIL 


VIH 
VIL 
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DATA POLLING 
Waveforms 


VIH i 
. Last Written 
Adress Address Vaid Xs ff nts Wal 
IL tacc j= 
Vin —a— {CE 
ce WN! 
VIL NN 
t WPH 
VIH . 


CN le dE NNN 


ce” 771 oR, 


tDV 
ViH Data In 
Vit 


twc 


CHIP CLEAR 
Waveforms 


tw = 10ms 
tS =tH = Ips 
VH = 12.0V +0.5V 
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DEVICE OPERATION 


The Microchip Technology Inc 28C04A has four basic 
modes of operation—read, standby, write inhibit, and 
_ byte write—as outlined in the following table. 


Goan] OE [OE [WE | vO 


Read 

Standby 
Write Inhibit 
Write Inhibit 
Write Inhibit 
Byte Write 
Byte Clear 





















Automatic Before Each "Write" 


X = Any TTL level. 
Read Mode 


The 28C04A has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip enable (CE) is the power control and 
should be used for device selection. Output Enable 
(OE) is the output control and is used to gate data to the 
output pins independent of device selection. Assuming 
that addresses are stable, address access time (tACC) is 
equal to the delay from CE to output (tce). Data is 
available at the output toe after the falling edge of OE, 
assuming that CE has been low and addresses have 
been stable for at least tacc-toe. 


Standby Mode 


The 28C04A is placed in the standby mode by applying 
a high signal to the CE input. When inthe standby mode, 
the outputs are in a high impedance state, independent 
of the OE input. 


Data Protection 


In order to ensure data integrity, especially during critical 
power-up and power-down transitions, the following 
enhanced data protection circuits are incorporated: 


First, an internal Vcc detect (3.3 volts typical) will inhibit 
the initiation of non-volatile programming operation when 
Vcc is less than the Vcc detect circuit trip. 


- Second, there is a WE filtering circuit that prevents WE 
pulses of less than 10ns duration from initiating a write 
cycle. 7 


Third, holding WE or CE high or OE low, inhibits a write 
cycle during power-on and power-off (Vcc). 


Write M 


The 28C04A has a write cycle similar to that of a Static 
RAM. The write cycle is completely self-timed and 
initiated by a low going pulse on the WE pin. On the 
falling edge of WE, the address information is latched. 
On rising edge, the data and the control pins (CE and 
OE) are latched. 


neem 


Data Polling 


‘The 28C04A features Data polling to signal the comple- 


tion of a byte write cycle. During a write cycle, an 
attempted read of the last byte written results in the data 
complement of I/O7 (I/O0 to I/O6 are indeterminable). 
After completion of the write cycle, true data is available. 
Data polling allows a simple read/compare operation to 
determine the status of the chip eliminating the need for 
external hardware. 


Optional Chip Clear 


All data may be cleared to 1's ina chip clear cycle by 
raising OE to 12 volts and bringing the WE and CE low. 
This procedure clears all data. 
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NOTES: 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 


factory or the listed sales offices. 


PART NUMBERS 
28CO4AF -15 1/P 


Package: 


Temperature 
Range: 


Access Time: 





Cerdip 

Ceramic Leadless Chip Carrier (LCC) 
Plastic Leaded Chip Carrier (PLCC)) 
Plastic DIP 


0’°C to 70°C 
-40°C to 85°C 
150 nsec 
200 nsec 
250 nsec 


= twc = 1ms 
= twc = 200us 


(512 x 8) CMOS EEPROM 
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Microchip 


28C16A 


16K (2K x 8) CMOS Electrically Erasable PROM 





FEATURES 


e 


Fast Read Access Time—150ns Maximum 
CMOS Technology for Low Power Dissipation 
—30mA Active 

—100A Standby 

Fast Byte Write Time—200ys or ims 

Data Retention >10 years 

High Endurance 10* Erase/Write Cycles 
Automatic Write Operation 

—Internal Control Timer 

—Auto-Clear Before Write Operation 
—On-Chip Address and Data Latches 

Data polling 

Chip Clear Operation 

Enhanced Data Protection 

—Vcc Detector 

—Pulse Filter 

—Write Inhibit 

Electronic Signature for Device Identification 
5-Volt-Only Operation 

Organized 2Kx8 JEDEC Standard Pinout 
—24 Pin Dual-In-Line Package 

—32-Pin Chip Carrier (Leadless or Plastic) 
Available for Extended Temperature Ranges: 
—Commercial: 0° C to 70° C 


_ —Industrial: -40° C to 85° C 


—Military *: -55° C to 125°C 


PIN CONFIGURATION 


Top View 


Sisws 


63 
Z. 


“a 
‘i 

J 
-9 


4 
t) 
tL. 


abes 


DIP 


@Pin 1 indicator on PLCC on top of package 





DESCRIPTION 


The Microchip Technology Inc 28C16A is a CMOS 16K 
non-volatile electrically Erasable and Programmable 
Read Only Memory. The 28C16A is accessed like a 
static RAM for the read or write cycles without the need 
of external components. During a “byte write”, the 
address and data are latched internally, freeing the 
microprocessor address and data bus for other opera- 
tions. Following the initiation of write cycle, the device 
will go to a busy state and automatically clear and write 
the latched data using an internal control timer. To 
determine when a write cycle is complete, the 28C16A 
uses Data polling. Data polling allows the user to read 
the location last written to when the write operation is 
complete. CMOS design and processing enables this 
part to be used in systems where reduced power con- 
sumption and reliability are required. A complete family 
of packages is offered to provide the utmost flexibility in 
applications. | 


* See military data sheet DS60036. 


BLOCK DIAGRAM v00 


Data Protection 
Circuitry 
Chip Enable/ 
Output Enable 
Control Logic 


Auto Erase/Write Data 
Timing 


Program Voltage 
Generation 


16K bit 
Cell Matrix 








Preliminary Information 
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Function — 


Address Inputs 

Chip Enable | 

Output Enable 

Write Enable 

Data Inputs/Outputs 
+5V Power Supply 
Ground 

No Connect; No Internal 
Connection 

Not Used; No External — 
Connection is Allowed 


/O0 - /07 
Vcc 
Vss 
NC 


NU 





READ / WRITE OPERATION 
DC Characteristics 


Parameter 


Logic "1" 
Logic "0" 


Input Voltages 


Input Leakage 


Input Capacitance 


Logic "1" 
Logic "0" 


Output Voltages 


Output Leakage 


‘Output Capacitance 
Power Suppy Curent, Active 


Power Supply Current, Standby | 


TTL input 
~ TTL input 
CMOS input 


ELECTRICAL CHARACTERISTICS. 
MAXIMUM RATINGS* | 


Vcc and input voltages w.r.t. Vss . Scares -0.6V to + 6: 25V | 


Voltage on OE w.r.t. VSS......... iiawnios ..-0.6V to +13.5V 
Voltage on AQ W. Ft. VSS ..nssccsescessesiseeee-O.6V to +13.5V 
Output Voltage w.r.t. VSS... -0.6V to Vcc+0.6V 
Storage temperature ...................:0ee -65° C to 125°C 


Ambient temp. with power applied aaa -50° C to 95°C 


*Notice: Stresses above those listed under “Maximum Rat- 
ings” may cause permanent damage to the device. This is a 


those or any other conditions above those indicated in the 
operation listings of this specification is not implied. Exposure 
to maximum rating conditions for extended periods may affect 
device reliability. . 


Vcc = +5V +10% 
Commercial (C): Tamb= 0° C to 70°C 
Industrial (I): Tamb= -40° C to 85° C 


symbol | tin | Max 


ViH- 2.0 Vcc+1 
Vit -0.1 0.8 


f = 5 MHz (Note 1) 
Voc =.5.5V; 


ICC(S)TTL 
ICC(S)TTL 
ICC(S)CMOS 





Note: (1) AC power supply current above 5 MHz: 1 mA/MHz 
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stress rating only and functional operation of the device at — 


28C16A 


READ OPERATION AC Testing Waveform: ViH= 2.4V; ViL= 0.45V; VoH= 2.0V; VoL = 0.8V 
Input Rise and Fall Times: 20 nsec 
Ambient Temperature: Commercial (C): Tamb= 0° Cto 70°C 
Industrial (!): Tamb = -40° C to 85° C 


28C16A-15 | 28C16A-20 | 28C16A-25 


Parameter 


Address to Output Delay 


CE to Output Delay 


oO 
m 


OE to Output Delay 
CE or OE High to Output Float | torr 


Output Hold from Address, CE 
or OE, whichever occurs first. 


tOH 


READ WAVEFORMS 


aces ~ 
tOFF(1,3) 
tOH | 
RANK Valid Output NIN 


tacc 


Notes: (1) toFFis specified for OE or CE, whichever occurs first = __ 
(2) OE may be delayed up to ‘ce - toe after the falling edge of CE without impact on tCe 
(3) This parameter is sampled and is not 100% tested 








- 
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AC Testing Waveform: VIH = 2.4V; Vit = 0.45V; VOH = 2.0V; VoL = 0.8V 
Output Load: 1 TTL Load + 100 pF a 
Input Rise/Fall Times: 20nsec 
Ambient Temperature: Commercial (C): Tamb = 0° C to 70°C 
: Industrial (1): Tamb = -40° C to 85° C 


Parameter [Symbol | Min | 


Address Set-Up Time 


Address Hold Time 
| es | 
ae 







BYTE WRITE 
AC Characteristics 















Data Set-Up Time | 
Data Hold Time 
Write Pulse Width we. | 100 | 
Write Pulse High Time tWPH 
OE Hold Time 

OE Set-Up Time 

Data Valid Time 

Write Cycle Time (28C16A) 
Write Cycle Time (28C16AF) 


ote 1 


— 
Oo 


a ee 5 
Oo ;oO 


Zz 
oO 
-- 
@ 
NO 













= 
oO 
> 
-|8 
Oo 
3 
” 


0.5 ms typical 


z 
NO 
© 
© 
< 
77) 


100s typical 


Note: (1) A-write cycle can be initiated CE or WE going low, whichever occurs | 
the positive edge of CE or WE, whichever occurs first. | 

(2) Data must be valid within 1000ns max. after a write cycle is initiated and must be stable at least until 

tDH after the positive edge of WE or CE, whichever occurs first. 


ast. The data is latched on. 


PROGRAMMING 
Waveforms 





‘nnn mmm en enema =z — eS SSS SSS sss 
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DATA POLLING 
Waveforms 


" tacc |= 
ViW {cE 
Vit Qo  MYYS& 

tWPH 


EN lee NN 


“77 T——iOIR 


tov 
ViH Dalal —_—_————_—__-— 
Vit : 


twe 


CHIP CLEAR 
Waveforms 


tw = 10ms 
ts =tH = Ts | 
VH = 12.0V +0.5V 





SUPPLEMENTARY CONTROL 


| Mode | CE COE] WE | Ac vor 
| ExtraRowRead | We S| S| | AQ=VH | Veo | —(Data Out 
| ExtraRowWrite | * C 





VIH C 
| * | AS=VH | Veo 


Note: VH = 12.0V +0.5V * Pulsed per programming waveforms. 
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DEVICE OPERATION 


The Microchip Technology Inc 28C16A has four basic 
modes of operation—read, standby, write inhibit, and 
byte write—as outlined in the following table. 


Operation Mode | CE 
Read 
Standby 
Write Inhibit 
Write Inhibit 
Write Inhibit 
Byte Write 
Byte Clear 


X = Any TTL level. 


Automatic Before Each "Write" 


Read Mode 


The 28C16A has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip enable (CE) is the power control and 
should be used for device selection. Output Enable 
(OE) is the output control and is used to gate data to the 
output pins independent of device selection. Assuming 
that addresses are stable, address access time (tACC) is 
equal to the delay from CE to output (tcE). Data is 
available at the output toe after the falling edge of OE, 
assuming that CE has been low and addresses have 
been stable for at least tACc-tOE. 


Standby Mode 


The 28C16A is placed in the standby mode by applying 
ahigh signal to the CE input. When in the standby mode, 
the outputs are in a high impedance state, independent 
of the OE input. 


Data Protection 


In order to ensure data integrity, especially during critical 
power-up and power-down transitions, the following 
enhanced data protection circuits are incorporated: 


First, an internal Vcc detect (3.3 volts typical) will inhibit 
the initiation of non-volatile programming operation when 
Vcc is less than the Vcc detect circuit trip. 





Second, there isa WE filtering circuit that prevents WE 
pulses of less than 10ns duration from initiating a write 
cycle. 


Third, holding WE or CE high or OE low, inhibits a write 
cycle during power-on and power-off (Vcc). 


Write Mode 


The 28C16A has a write cycle similar to that of a Static 
RAM. The write cycle is completely self-timed and 
initiated by a low going pulse on the WE pin. On the 
falling edge of WE, the address information is latched. 
On rising edge, the data and the control pins (CE and 


OE) are latched. 


Data Polling 


The 28C16A features Data polling to signal the comple- 
tion of a byte write cycle. During a write cycle, an 
attempted read of the last byte written results in the data 
complement of |/O7 (I/O0 to 1/O6 are indeterminable). 
After completion of the write cycle, true data is available. 
Data polling allows a simple read/compare operation to 
determine the status of the chip eliminating the need for 
external hardware. 


Electronic Signature for Device Identification 


An extra row of 32 bytes of EEPROM memory is avail- 
able to the user for device identification. By raising AQ 
to 12V +0.5V and using address locations 7EO to 7FF, 
the additional bytes can be written to or read from in the 
same manner as the regular memory array. 


Optional Chip Clear 


All data may be cleared to 1's in a chip clear cycle by 
raising OE to 12 volts and bringing the WE and CE low. 
This procedure clears all data, except for the extra row. 


a a A | 
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NOTES: 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


PART NUMBERS 
28C16AF -15 I/P 


Package: Cerdip 
Ceramic Leadless Chip Carrier (LCC) 
Plastic Leaded Chip Carrier (PLCC)) 
Plastic DIP 


Temperature 0°C to 70°C 
Range: -40°C to 85°C 


Access Time: 150 nsec 
200 nsec 
250 nsec 


Option: = twc = ims 
= twce = 200us 


Device: (2K x 8) CMOS EEPROM 
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28C17A 





16K (2K x 8) CMOS Electrically Erasable PROM 





FEATURES 


e 


Fast Read Access Time—150ns Maximum 
CMOS Technology for Low Power Dissipation 
—-30mA Active 

—100yA Standby 

Fast Byte Write Time—200us or 1ms 

Data Retention >10 years 

High Endurance 10* Erase/Write Cycles 
Automatic Write Operation 

—Internal Control Timer 

—Auto-Clear Before Write Operation 
—On-Chip Address and Data Latches 

Data Polling 

Ready/Busy 

Chip Clear Operation 

Enhanced Data Protection 

—Vcc Detector 

—Pulse Filter 

—Write Inhibit 

Electronic Signature for Device Identification 
5-Volt-Only Operation 

Organized 2Kx8 JEDEC Standard Pinout 
—28 Pin Dual-iIn-Line Package 

—32-Pin Chip Carrier (Leadless or Plastic) 
Available for Extended Temperature Ranges: 
—Commercial: 0° C to 70° C 

—Industrial: -40° C to 85° C 

—Military *: -55° C to 125° C 


PIN CONFIGURATION 


Top View 


RDY/BSY (le1 


DIP/SOIC PLCC/LCC 


@Pin 1 indicator on PLCC on top of package 








DESCRIPTION 


The Microchip Technology Inc 28C17A is a CMOS 16K 
non-volatile electrically Erasable and Programmable 
Read Only Memory. The 28C17A is accessed like a 
static RAM for the read or write cycles without the need 
of external components. During a “byte write”, the 
address and data are latched internally, freeing the 
microprocessor address and data bus for other opera- 
tions. Following the initiation of write cycle, the device 
will go to a busy state and automatically clear and write 
the latched data using an internal control timer. To 
determine when the write cycle is complete, the user has 
a choice of monitoring the Ready/Busy output or using 
Data polling. The Ready/Busy pin is an open drain 
output, which allows easy configuration in wired-or 
systems. Alternatively, Data polling allows the user to 
read the location last written to when the write operation 
is complete. CMOS design and processing enables this 
part to be used in systems where reduced power con- 
sumption and reliability are required. A complete family 
of packages is offered to provide the utmost flexibility in 
applications. 


* See military data sheet DS60036. 


VOO «sseane \'O7 


BLOCK DIAGRAM 


Data Protection | 
Circuitry 


Chip Enable/ 
Output Enable 
Control Logic 


| ae | 


Auto Erase/Write Data 
Timing 
Program Voitage 
Sener 


Y Gating 


16K bit 
Cell Matrix 





Preliminary Information 
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00 - 1/07 
RDY/Busy 
Vcc 
Vss 
NC 


NU 





Note: (1) AC power supply current above 5 MHz: 1 mA/MHz 


READ / WRITE OPERATION 
DC Characteristics 


Address Inputs 
| Chip Enable 


Output Enable 

Write Enable 

Data Inputs/Outputs 
Ready/Busy | 

+5V Power Supply 
Ground 

No Connect; No Internal 


- Connection 


Not Used; No External 
Connection is Allowed 





Logic "1" | 
Logic "0" 


Logic "1" 
Logic "0" . 


TTL input 
TTL input 
CMOS input 


ICC(S)TTL 
ICC(S)TTL 
Icc(S)CMOS 


ELECTRICAL CHARACTERISTICS - 
MAXIMUM RATINGS* —— 


Vcc and input voltages w.r.t. VSs ........-0.6V to + 6.25V 


Voltage On OE W.r.t: VSS cecccsccccssssssseeneene -0.6V to +13.5V 
Voltage on AQ W.r.t. VSS oo... -0.6V to +13.5V 
Output Voltage w.r.t. VSS ou. -0.6V to Vcc+0.6V 
Storage temperature ............cccceeeeeees -65° C to 125° C 


Ambient temp. with power applied ........ -50° C to 95° C 


*Notice: Stresses above those listed under “Maximum Rat- 
ings” may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
those or any other conditions above those indicated in the 
operation listings of this specification is not implied. Exposure 
to maximum rating conditions for extended periods may affect 
device reliability. 


Voc = +5V +10% 
Commercial (C): Tamb= 0° C to 70° C 
Industrial (I): Tamb= -40° C to 85°C 


[Max |units| Conditions 





ViN= -0.1V to Vcc+1 


VIN = OV; Tamb = 25° C; 
| f = 1 MHz 

lOH = -400UA 
loL=2.1mA 


Vout = -0.1V to Vcc+0.1V 


VIN= OV; Tamb = 25° C; 
f= 1 MHz 


2 | mA | CE = Vi (0° C to 70’ C) 
3 | mA | CE = Vin (-40° C to 85°C) 
100 | pA | CE = Vcc-0.3 to Vcc+1 
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READ OPERATION AC Testing Waveform: — VIH= 2.4V; ViL= 0.45V; VoH = 2.0V; VoL = 0.8V 
AC Characteristics Output Load: 1 TTL Load + 100 pF 
Input Rise and Fall Times: 20 nsec 
Ambient Temperature: Commercial (C): Tamb= 0° Cto 70°C 
Industrial (1): Tamb = -40° C to 85° C 


Parameter 


Address to Output Delay CC 
CE to Output Delay 
tOH 


OE to Output Delay j toe 
CE or OE High to Output Float 


Output Hold from Address, CE 
or OE, whichever occurs first. 


READ WAVEFORMS 


Address <I Address Valid S 


on 


tOFF(1,3) 


{0H 
\AA\K\ High Z 
EE _vsomea YS) 


tAcc 


Notes: (1) tOFFis specified for OE or CE, whichever occurs first = 
(2) OE may be delayed up to tcE - toe after the falling edge of CE without impact on tte 
(3) This parameter is sampled and is not 100% tested 
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28C17A. 


AC Testing Waveform: VIH = 2.4V; VIL = 0.45V; VOH = 2.0V; VoL = aa BV 

- Output Load: 1 TTL Load + 100 pF | | 
Input Rise/Fall Times: 20 nsec 
Ambient Temperature: Commercial (C): Tamb = 0° C to 70°C 


| Industrial (l): Tamb = -40° C to 85° C 
Address Set-Up Time 


Data Set-Up Time 


OE Hold Time 
OE Set-Up Time 


Data Valid Time 
0.5 ms typical 


BYTE WRITE 
AC Characteristics 


Oo 


Time to Device Busy 
Write Cycle Time (28C17A) 
Write Cycle Time (28C17AF) 


—h, —_ hk, ond, 
i=) 


nN 
=) 
=) 


100us typical 


Note: A write cycle can be initiated CE or WE going low, whichever occurs last. The data is latched on 
the positive edge of CE or WE, whichever occurs first. 
Data must be valid within 1000ns max. after a write cycle is initiated and must be stable at least until 
tDH after the positive edge of WE or CE, whichever occurs first. 


PROGRAMMING 
Waveforms 


VIH 
VIL 
VIH. 


VIL 


VIH 
VIL 


VIH 
VIL 


VOH 
Rdy/Busy 
VOL 





eterna errereentervrrtnarnteennetemeytntinnn rene ero SHS A eera  ireanehnhtn? 


DS11127B-4 3 . Bae | © 1990 Microchip Technology Inc. 





DATA POLLING 
Waveforms 


28C17A 


VIH 


Vit 


tACC 


VIH —<a— tce 


tWPH 


. VIH <<a— tWPL— 4 
i" NS 


VIL 


VIH 
0 LL 
VIL 


tbv 


CHIP CLEAR 
Waveforms 


—p| toe 


> <> Cn Ci: C3. 


SUPPLEMENTARY CONTROL 


Chip Clear 
Extra Row Read 


Note: VH = 12.0V +0.5V 


| CE 
oe 


* Pulsed per programming waveforms. 


twc 


| OF | WE | ao | 
ee a ce 


a Coe 


<i 


tw = 10ms 
tS =tH = ips | 
VH = 12.0V +0.5V 





Data Out 








© 1990 Microchip Technology Inc. 





2-21 


DS11127B-5 








28C17A 


DEVICE OPERATION 


The Microchip Technology Inc 28C17A has four basic 
modes of operation—read, standby, write inhibit, and 
byte write—as outlined in the following table. 


[operon iets. Mode Bei eed poy uen) 


Read 
Standby 
Write Inhibit 
Write Inhibit 
Write Inhibit 
Byte Write 


Byte Clear | Automatic Before Each "Write" 


Note: (1) Open drain output. 
(2) X = Any TTL level. 


Read Mode 


The 28C17A has two control functions, both of which 












must be logically satisfied in order to obtain data at the - 


_outputs. Chip enable (CE) is the power control and 
should be used for device selection. Output Enable (OE) 
is the output control and is used to gate data to the output 
pins independent of device selection. Assuming that 
addresses are stable, address access time (tACc) equal 
to the delay from CE to output (tce). Data is available at 
the output toe after the falling edge of OE, assuming that 
CE has been low and addresses have been stable for at 
least tACC-toE. 


Stan M 


The 28C17A is placed in the standby mode by applying 
ahigh signal to the CE input. When in the standby mode, 
the outputs are in a high impedance state, independent 
of the OE input. 


Data Protection 


In order to ensure data integrity, especially during critical 
power-up and power-down transitions, the following 
enhanced data protection circuits are incorporated: 


First, an internal Vcc detect (3.3 volts typical) will inhibit 
the initiation of non-volatile programming operation when 
Vcc is less than the Vcc detect circuit trip. 


Second, there isa WE filtering circuit that prevents WE 
pulses of less than 10ns duration from initiating a write 
cycle. 


Third, holding WE or CE high or OE low, inhibits a write 
cycle during power-on and power-off (Vcc). 


Write Mode 


The 28C17A has a write cycle similar to that of a Static 
RAM. The write cycle is completely self-timed and 
initiated by a low going pulse on the WE pin. On the 
falling edge of WE, the address information is latched. 
On rising edge, the data and the control pins (CE and 
OE) arelatched. The Ready/Busy pin goes to alogiclow 
level indicating that the 28C17A is in a write cycle which 
signals the microprocessor host that the system bus is 
free for other activity. When Ready/Busy goes back to 
a high, the 28C17A has completed writing and is ready 
to accept another cycle. 


Data Polling 


The 28C17A features Data polling to signal the comple- 
tion of a byte write cycle. During a write cycle, an 
attempted read of the last byte written results in the data 
complement of I/O7 (I/O0 to I/O6 are indeterminable). 
After completion of the write cycle, true data is available. 
Data polling allows a simple read/compare operation to 
determine the status of the chip eliminating the need for 
external hardware. 


Electronic Signature for Device Identification 


An extra row of 32 bytes of EEPROM memory is avail- 
able to the user for device identification. By raising A9 
to 12V +0.5V and using address locations 7EO to 7FF, 
the additional bytes can be written to or read from in the 
same manner as the regular memory array. 


Optional Chip Cl 


All data may be cleared to 1's ina chip clear cycle by 
raising OE to 12 volts and bringing the WE and CE low. 
This procedure clears all data, except for the extra row. 





DS11127B-6 


©1990 Microchip Technology Inc. 


2-22 





28C17A 


NOTES: 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


PART NUMBERS 
28C17AF -15 1/P 


Package: Cerdip 
Ceramic Leadless Chip Carrier (LCC) 
Plastic Leaded Chip Carrier (PLCC)) 
Plastic DIP 
Plastic Small Outline IC 


Temperature 0°C to 70°C 
Range: -40°C to 85°C 


Access Time: 150 nsec 
200 nsec 
250 nsec 


Option: = twc = Ims 
= twc = 200us 


Device: 28C17A (2K x8) CMOS EEPROM 
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DICE FORM 


16K (2K x 8) CMOS Electrically Erasable PROM 





FEATURES 


¢ 250ns Access Time 
¢ CMOS Technology for Low Power Dissipation 
—30mA Active 
—100puA Standby 
* Fast Byte Write Time—1ms 
¢ Automatic Write Operation 
—Internal Control Timer 
—Auto-Clear Before Write Operation 
—On-Chip Address and Data Latches 
* Data Polling 
* Ready/Busy 
¢ Chip Clear Operation 
¢ Enhanced Data Protection 
—Vcc Detector 
—Pulse Filter 
—Write Inhibit 
¢ Electronic Signature for Device Identification 
¢ 5-Volt-Only Operation 
* Commercial Temperature Range: 
—0°C to 70°C 
¢ Available in Wafer Form or Waffle Pack 


DIE CONFIGURATION 
Die Size: 137 x 117 sq. 


-yonxwt Oo 
OO00 


> —_>>-—dhmc>—lClU 
—_— Sl lo 


> 
Z 
> 
Q 
am 





DESCRIPTION 


The Microchip Technology Inc 28C17A is a CMOS 16K 
non-volatile electrically Erasable and Programmable 
Read Only Memory. The 28C17A is accessed like a 
Static RAM for the read or write cycles without the need 
of external components. During a “byte write”, the 
address and data are latched internally, freeing the 
microprocessor address and data bus for other opera- 
tions. Following the initiation of write cycle, the device 
will go to a busy state and automatically clear and write 
the latched data using an internal control timer. To 
determine when the write cycle is complete, the user has 
a choice of monitoring the Ready/Busy output or using 
Data polling. The Ready/Busy pin is an open drain 
output, which allows easy configuration in wired-or 
systems. Alternatively, Data polling allows the user to 
read the location last written to when the write operation 
is complete. CMOS design and processing enables this 
part to be used in systems where reduced power con- 
sumption and reliability are required. 


BLOCK DIAGRAM 


Data Protection 
_ Circuitry 


Chip Enable/ 
Output Enable 
Control Logic 


16K bit 
Cell Matrix 








Preliminary Information Bice 
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28C17A Bice FORM 


PIN FUNCTION TABLE 















ELECTRICAL CHARACTERISTICS 
Maximum Ratings* ae 























_ Address Inputs Voltage on OE w.r.t. VSS.......... eer ancdd -0.6V to +13.5V 

Chip Enable Voltage on AQ W.r.t. VSS uo cesseceneeee -0.6V to +13.5V 

Output Enable Output Voltage w.r.t. VSS ou. -0.6V to Vcc+0.6V 

Write Enable Storage temperature ............ cesses -65° C to 125° C 

O00 - /O7 Data Inputs/Outputs Ambient temp. with power applied........ -50° C to 95° C 
RDY/Busy Ready/Busy 

voc +5V Power Supply *Notice: Stresses above those listed under “Maximum Rat- 

Vss Ground ings” may cause permanent damage to the device. This is a 

NC No Connect; No Internal stress rating only and functional operation of the device at 


those or any other conditions above those indicated in the 
operation listings of this specification is not implied. Exposure 
to maximum rating conditions for extended periods may affect 
device reliability. 


Connection 











READ / WRITE OPERATION Vcc = +5V +10% 
DC Characteristics Commercial: Tamb= 0° C-to 70°C 


Parameter F symbot | win | Max | Conditions 


Input Voltages Logic"1" | VIH 2.0 Vec+1| V 
Logic "0" VIL -0.1 0.8 V 
Input Leakage ViN= -0.1V to Vec+1 
pF | Vin= OV; Tamb = 25° C; 
f = 1 MHz 
V 
V 
























{ 


Oo 


Input Capacitance 


Output Voltages Logic "1" VOH 2.4 
| Logic "0" VOL 
Power Supply Current, Standby | TTLinput | Icc(s)tTL 
: CMOS input | Icc(s)cmos 


Note: (1) AC power supply current above 5 MHz: 1 mA/MHz. 


lOH = -400UA 
loL= 2.1mMA 







VouT = -0.1V to Vec+0.1V 


© 
z 








CE = Vec-0.3 to Vec+1 
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28C17A DIcE FORM 


READ OPERATION AC Testing Waveform: ViH= 2.4V; ViL= 0.45V; VOH= 2.0V; VoL = 0.8V 
AC Characteristics Output Load: 1 TTL Load + 100 pF 


Input Rise and Fall Times: 20 nsec 
Ambient Temperature: Commercial: Tamb = 0° C to 70°C 


Parameter 


Address to Output Delay 


CE to Output Delay 
OE to Output Delay 
CE or OE High to Output Float 


Output Hold from Address, CE 


or OE, whichever occurs first. 


READ WAVEFORMS 


Address <4 Address Valid = 


onl 


tOFF(1,3) 
tOH 


\A\\\ High Z 
{| vaisounn 8 


tACC 


Notes: (1) torr is specified for OE or CE, whichever occurs first _ 
(2) OE may be delayed up to tcE - toe after the falling edge of CE without impact on tceE 
(3) This parameter is sampled and is not 100% tested 


A ts Ryn tS 


© 1990 Microchip Technology Inc. DS11134B-3 











28C17A pice FORM 





BYTE WRITE ~ AC Testing Waveform: VIH = 2.4V; Vit = 0.45V; VOH = 2.0V; VoL = 0.8V 
AC Characteristics Output Load: 1 TTL Load + 100 pF , 
) Input Rise/Fall Times: 20 nsec 
Ambient Temperature: Commercial: Tamb = 0°C to 70°C 


Parameter _Symbot_| Min | Max _| Unie 


tAS 


Address Set-up Time 


Address Hold Time 


Data Set-Up Time 

Data Hold Time 

Write Pulse Width 

Write Pulse High Time 
| OE Hold Time 

OE Set-Up Time 

Data Valid Time 

Time to Device Busy 


Write Cycle Time (28C17A) 


= 
re) 


< 


0.5 ms typical 


Note: (1) Awrite cycle can be initiated CE or WE going low, whichever occurs last. The data is latched on 
the positive edge of CE or WE, whichever occurs first. 
(2) Data must be valid within 1000ns max. after a write cycle is initiated and must be stable at least 
until tDH after the positive edge of WE or CE, whichever occurs first. 





PROGRAMMING 
Waveforms 


VIH 
Address 


~ VIL 


tas <a—————— tAH 
VIH 


CE, WE 


Vil tDH 


VIH , 

ve <n ae 
tOES 

VIH 


VIL 





Data In 


tOEH 


VOH 
| Rdy/Busy Busy — Ready | 
VOL ere : tDB 
$$$ $$$ nn 
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DATA POLLING 
Waveforms 


VIH - 
: Last Written 
. tacc }<* 
ViH 


ViL WM YI “ 


tWPH 
ij —_—_—fe- 
‘J 


" ee SH 
77. SY, 


tDV 
VIH Datal 
ViL a! 


twc 


tOE |~q— 


CHIP CLEAR 
Waveforms 


tw = 10ms 
tS =tH = 1s 
VH = 12.0V +0.5V 















SUPPLEMENTARY CONTROL 







| Mode | | CE | WE || ce | 
| ChipClear | Ce Xo 
| ExtraRowWrite | * | || =H | Voc | ataln 


Note: VH = 12.0V +0.5V * Pulsed per programming waveforms. 
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28C17A Dice FORM 


DEVICE OPERATION 


The Microchip Technology Inc 28C17A has four basic 
modes of operation—read, standby, write inhibit, and 
byte write—as outlined in the following table. 


Operation Mode] CE VO Rdy/Busy(1)| 


Read 


Standby 
Write Inhibit 
Write Inhibit 
Write Inhibit 
Byte Write 


Byte Clear Automatic Before Each "Write" 


Note: (1) Open drain output. 
(2) X = Any TTL level. 


Read Mode 












The 28C17A has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip enable (CE) is the power control and 
should be used for device selection. Output Enable (OE) 
is the output control and is used to gate data to the output 
pins independent of device selection. Assuming that 
addresses are stable, address access time (taCcc) equal 
to the delay from CE to output (tce). Data is available at 
the output toe after the falling edge of OE, assuming that 
CE has been low and addresses have been stable for at 
least tacc-tOE. 


Standby Mode 


The 28C17A is placed in the standby mode by applying 
a high signal to the CE input. When in the standby mode, 

the outputs are in a high mipeesiiee state, independent 
of the OE input. 


‘Data Protection 


In order to ensure data integrity, especially during critical 
power-up and power-down transitions, the following 
enhanced data protection circuits are incorporated: 


First, aninternal Vcc detect (3.3 volts typical) will inhibit 
the initiation of non-volatile programming operation when 
Vcc is less than the Vcc detect circuit trip. 


Second, there isa WE filtering circuit that prevents WE 
pulses of less than 10ns duration from initiating a write 
cycle. | 


Third, holding WE or CE high or OE low, inhibits a write 
cycle during power-on and power-off (Vcc). 


Write Mode 


The 28C17A has a write cycle similar to that of a Static 
RAM. The write cycle is completely self-timed and 


initiated by a low going pulse on the WE pin. On the 


falling edge of WE, the address information is latched. 
On rising edge, the data and the control pins (CE and 
OE) are latched. The Ready/Busy pin goes to alogic low 
level indicating that the 28C17A is in a write cycle which 
signals the microprocessor host that the system bus is 
free for other activity. When Ready/Busy goes back to 
a high, the 28C17A has completed writing and is ready 
to accept another cycle. 


Data Polling 


The 28C17A features Data polling to signal the comple- 
tion of a byte write cycle. During a write cycle, an 
attempted read of the last byte written results in the data 


_ complement of I/07 (I/O0 to 1/O6 are indeterminable). 


After completion of the write cycle, true data is available. 
Data polling allows a simple read/compare operation to 
determine the status of the chip ued the need for 
external hardware. 


Electronic Signature for Device Identification 


An extra row of 32 bytes of EEPROM memory is avail- 
able to the user for device identification. By raising AQ 
to 12V +0.5V and using address locations 7EO to 7FF, 
the additional bytes can be written to or read from in the 
same manner as the regular memory array. 


Optional Chip Clear 


All data : may be cleared to 1's in a chip clear cycle by 
raising OE to 12 volts and bringing the WE and CE low. 
This procedure clears all data, except for the extra row. 
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NOTES: 
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28C17A Dice FORM 


SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


PART NUMBERS 
28C17A -25 -/W 


Package: W __ Dice in Wafer Form 
S__ Dice in Waffle Pack 
Temperature Blank 0O°C to 70°C 
Range: 
: Access Time: 25 250 nsec 
Device: 28C17A (2K x8) CMOS EEPROM 
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Microchip 


64K (8K x 8) CMOS Electrically Erasable PROM 


28C64A 





FEATURES 


e 


e 


Fast Read Access Time—150ns Maximum 
CMOS Technology for Low Power Dissipation 
—30mA Active 

—100uA Standby 

Fast Byte Write Time—200us or 1ms_ 

Data Retention >10 years 

High Endurance 10* Erase/Write Cycles 
Automatic Write Operation 

—Internal Contro! Timer 

-——Auto-Clear Before Write Operation 
—On-Chip Address and Data Latches 

Data Polling 

Ready/Busy 

Chip Clear Operation 

Enhanced Data Protection 

—Vcc Detector 

—Pulse Filter 

—Write Inhibit 

Electronic Signature for Device Identification 
5-Volt-Only Operation 

Organized 8Kx8 JEDEC Standard Pinout 
—28 Pin Dual-in-Line Package 

—32-Pin Chip Carrier (Leadiess or Plastic) 
Available for Extended Temperature Ranges: 
—Commercial: 0° C to 70° C 

—Industrial: -40° C to 85° C 

—Military**: -55° C to 125° C 


PIN CONFIGURATION 


Top View 


7 
ou 
Le 


bosbheabeu 2 


t 4 1 
nel 


1 
t 
Lis 


4, 
Las 


) 
Bi 


‘ 
1 
7 
t 


DIP/SOIC PLCC/LCC 


®@ Pin 1 indicator on PLCC on top of package 


DESCRIPTION 


The Microchip Technology Inc 28C64A is a CMOS 64K 
non-volatile electrically Erasable and Programmable 
Read Only Memory. The 28C64A is accessed like a 
static RAM for the read or write cycles without the need 
of external components. During a “byte write”, the 
address and data are latched internally, freeing the 
microprocessor address and data bus for other opera- 
tions. Following the initiation of write cycle, the device 
will go to a busy state and automatically clear and write 
the latched data using an internal control timer. To 
determine when the write cycle is complete, the user has 
a choice of monitoring the Ready/Busy output or using 
Data polling. The Ready/Busy pin is an open drain 
output, which allows easy configuration in wired-or 
systems. Alternatively, Data polling allows the user to 
read the location last written to when the write operation 
is complete. CMOS design and processing enables this 
part to be used in systems where reduced power con- 
sumption and reliability are required. A complete family 
of packages is offered to provide the utmost flexibility in 
applications. 


** See Military Data Sheet DS60003 


BLOCK DIAGRAM 00 


Data Protection 
Circuitry 
Chip Enable/ 
Output Enable 
Control Logic 


Cell Matrix 
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/00 - 07 
RDY/Busy 
Vcc 
Vss 
NC 


NU 


ELECTRICAL CHARACTERISTICS 
MAXIMUM RATINGS* 


Vcc and input voltages w.r.t. VSS ........ -0.6V to + 6.25V 


Address Inputs Voltage on OE Wurt. VSS wsccssssssssseeese -0.6V to +13.5V 
Chip Enable Voltage on AQ W.r.t. VSS ues: .-0.6V to +13.5V 
Output Enable Output Voltage w.r.t. VSS ......... sesseeee O.6V to VCC+0.6V 
Write Enable Storage temperature ............ syebeateetae -65° C to 125° C 


Data Inputs/Outputs 


-Ready/Busy 


+5V Power Supply 
Ground 

No Connect; No Internal 
Connection 

Not Used; No External 
Connection is Allowed 


Ambient temp. with power applied........ -50° C to 95° C 


*Notice: Stresses above those listed under “Maximum Rat- 
ings” may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
those or any other conditions above those indicated in the 
operation listings of this specification is not implied. Exposure 
to maximum rating conditions for extended penne. may affect 





device reliability. 


Voc = +5V+10% | | 
DC Characteristics Commercial (C): Tamb= 0° C to 70°C 
Industrial — (I) Tamb= -40° C to 85° C 


status _| symbol Max |Units| Conditions 


Input Voltages Logic "1" VIH 2.0 Voo# V 
Logic "0" VIL -0.1 (0.8 
Input Capacitance 10 pF | VIN= OV; Tamb = 25° C; 
f= 1 MHz 


READ / WRITE OPERATION 


Output Voltages Logic."1" VOH lOH = -400UA 
Logic "0" VOL 0.45 loL = 2.1mA 
| CouT 12 | pF | Vin=OV;Tamb =25°C; | 
| | ee | | | f=1 MHz : 
Power Suppy Current, Active | TTLinput 30 mA | f =5 MHz (Note 1) 
: | —) Vcc = 5. a 
Power Supply Current, Standby TTL input ICC(S)TTL mA CE = ViH (0° C to 70° C) 
TTL input ICC(S)TTL mA CE = ViH (-40° C to 85° C) 
a: ~~~ | CMOS input | Icc(sycmos ice LA CE = Vcc-0.3 to Vcc+1 


Note: (1) AC power supply current above 5 MHz: 2 mA/MHz 


Output Capacitance 
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28C64A 


READ OPERATION AC Testing Waveform: VIH= 2.4V; Vit= 0.45V; VOH= 2.0V; VoL = 0.8V 
AC Characteristics Output Load: 1 TTL Load + 100 pF 
Input Rise and Fall Times: 20 nsec 
Ambient Temperature: Commercial (C):Tamb = 0° Cto 70°C 
Industrial (I): Tamb = -40° C to 85° C 


Parameter sym | 28C64A-15 | 28C64A-20 | 28C64A-25 


es ae 
Address to Output Delay 
CE to Output Delay fe || 150 


; 200 | 
CE or OE High to Output Float ) 50] 0 | 55. 


200 50 
Output Hold from Address, CE 
or OE, whichever occurs first. 


x 
={ [=| 
[aevomoey [me | [>| [a 
ac 
oe 


READ WAVEFORMS 


Address < | Address Valid i 
tOFF(1,3) 


tOH 


\AA\AK High Z 
RE ssome 


tACC 


Notes: (1) toFFis specified for OE or CE, whichever occurs first __ 
(2) OE may be delayed up to tcE - toe after the falling edge of CE without impact on CE 
(3) This parameter is sampled and is not 100% tested 
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AC Testing Waveform: VIH = 2.4V; ViL = 0.45V; VOH = 2.0V; VoL=0.8V_ 
Output Load: 1 TTL Load + 100 pF eee 

Input Rise/Fall Times: 20 nsec 

Ambient Temperature: Commercial (C): Tamb= 0° C to 70°C 


Parameter 


BYTE WRITE 
AC Characteristics 


Industrial (1): Tamb = -40° C to 85° C 


Write Cycle Time (28C64A) 1 ms | 0.5 ms typical 
Write Cycle Time (28C64AF) 200 us | 100us typical 
Note: (1) A write cycle can be initiated CE or WE going low, whichever occurs last. The data is latched on 
the positive edge of CE or WE, whichever occurs first. | . 


(2) Data must be valid within 1000ns max. after a write cycle is initiated and must be stable at least until 
tDH after the positive edge of WE or CE, whichever occurs first. 


PROGRAMMING 
Waveforms 


ViH 
VIL - 


Address 


VIH 
VIL 


VIH 


VIL 


VIH 
VIL 


~ VOH 
Rdy/Busy 
. VOL 
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28C64A 


DATA POLLING 
Waveforms 


VIH 
‘ Last Written 
Adress | Addressvaid Xf OL ndtrese Vata 
IL tACC |= 
VIH —a— {CE 


tWPH 


IN eae NNN 
RiHUW 


tDV |~<— 


Vin Dalal 
Vit 


twc 


OE |~—- 


CHIP CLEAR 
Waveforms 


tw = 10ms 
tS =tH = ips 
VH = 12.0V +0.5V 





SUPPLEMENTARY CONTROL 


| ExtraRowWrite | * | || AQ =H 


Note: VH = 12.0V +0.5V * Pulsed per programming waveforms. 
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DEVICE OPERATION 


The Microchip Technology Inc 28C64A has four basic 
modes of operation—read, standby, write inhibit, and 
byte write—as outlined in the following table. 


Operation Mode eee /O Rdy/Busy(1) 


Read 


Standby 
Write Inhibit 
Write Inhibit 
Write Inhibit 
Byte Write 
Byte Clear 






















~xX xtc 
xr x<x TK KIT 
ee ee ak als 










Automatic Before Each "Write" 


Note: (1) Open drain output. 
(2) X = Any TTL level. 


Read Mode 


The 28C64A has two control functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip enable (CE) is the power control and 
shouldbe used for device selection. Output Enable (OE) 
is the output control and is used to gate data to the output 
pins independent of device selection. Assuming that 
addresses are stable, address access time (tACC) is 
equal to the delay from CE to output (tce). Data is 
available at the output toe after the falling edge of OE, 
assuming that CE has been low and addresses have 
been stable for at least taCC-tOE. 


Standby Mode 


The 28C64<A is placed in the standby mode by applying 
a high signal to the CE input. When inthe standby mode, 
the outputs are in a high impedance state, independent 
of the OE input. 


Data Protection 


In order to ensure data integrity, especially during critical 
power-up and power-down transitions, the following 
enhanced data protection circuits are incorporated: 


First, an internal Vcc detect (3.3 volts typical) will inhibit 
the initiation of non-volatile programming operation when 
Vcc is less than the Vcc detect circuit trip. 


Second, there is a WE filtering circuit that prevents WE 
pulses of less than 10ns duration from initiating a write 
cycle. 


Third, holding WE or CE high or OE low, inhibits a write 
cycle during power-on and power-off (Vcc). 


Write Mode 


The 28C64A has a write cycle similar to that of a Static 
RAM. The write cycle is completely self-timed and 
initiated by a low going pulse on the WE pin. On the 
falling edge of WE, the address information is latched. 


On rising edge, the data and the control pins (CE and 


OE) are latched. The Ready/Busy pin goes to alogiclow 
level indicating that the 28C64A is in a write cycle which 
signals the microprocessor host that the system bus is 
free for other activity. When Ready/Busy goes back to 
a high, the 28C64A has completed writing and is ready 
to accept another cycle. 


Data Polling 


The 28C64A features Data polling to signal the comple- 


tion of a byte write cycle. During a write cycle, an 


attempted read of the last byte written results in the data 
complement of I/O7 (1/00 to I/O6 are indeterminable). 
After completion of the write cycle, true data is available. 
Data polling allows a simple read/compare operation to 
determine the status of the chip eliminating the need for 
external hardware. 


Electronic Siqnature for Device Identification 


An extra row of 32 bytes of EEPROM memory is avail- 
able to the user for device identification. By raising AQ 
to 12V +0.5V and using address locations 1FEO to 
1FFF, the additional bytes can be written to or read from 
in the same manner as the regular memory array. 


Optional Chip Ci 


All data may be cleared to 1's in a chip clear cycle by 
raising OE to 12 volts and bringing the WE and CE low. 
This procedure clears all data, except for the extra row. - 
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NOTES: 
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28064 


SALES AND SUPPORT 





To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


PART NUMBERS 
28C64AF -15 1/P 


Package: Cerdip 
Ceramic Leadless Chip Carrier (LCC) 
Plastic Leaded Chip Carrier (PLCC)) 
Plastic DIP 
Plastic Small Outline IC 


Temperature 0°C to 70°C 
Range: -40°C to 85°C 


Access Time: 150 nsec 
200 nsec 
250 nsec 


Option: = twc = 1ms 
= twc = 200us 
Pin 1 NC (Pin 2 PLCC), twc = 1ms 


Device: (8K x 8) CMOS EEPROM 
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28C64A 


Microchip DICE FORM 
64K (8K x 8) CMOS Electrically Erasable PROM 








FEATURES DIE CONFIGURATION 
Die Size: 134 x 206 sq. mils 
* 250ns Access Time OOO B fe) Oz 
¢ CMOS Technology for Low Power Dissipation eee: 
—30mA Active 
—100nA Standby 


¢ Fast Byte Write Time—1ms 
¢ Automatic Write Operation 
—Internal Control Timer 
—Auto-Clear Before Write Operation 
—On-Chip Address and Data Latches 
¢ Data Polling 
« Ready/Busy 
¢ Chip Clear Operation 
¢ Enhanced Data Protection 
—Vcc Detector 
—Pulse Filter 
—Write Inhibit 
¢ Electronic Signature for Device Identification 
* 5-Volt-Only Operation 
¢ Commercial Temperature Range: 
— 0° Cto 70°C 
¢ Available in Wafer Form or Waffle Pack 





DESCRIPTION 


The Microchip Technology Inc 28C64A is a CMOS 64K 
non-volatile electrically Erasable and Programmable 
Read Only Memory. The 28C64A is accessed like a 


A8 
WE 
Vcc 
A12 

A7 

A6 

A5 

A4 


RDY/BSY 


static RAM for the read or write cycles without the need BLOCK DIAGRAM YOO +++++++ VO7 
of external components. During a “byte write”, the 
address and data are latched internally, freeing the Data Protection 
microprocessor address and data bus for other opera- ~ Circuitry 
tions. Following the initiation of write cycle, the device = SO LtEnabiG 
will go to a busy state and automatically clear and write hl 
the latched data using an internal control timer. To uae held eae 
determine when the write cycle is complete, the user has 
P ———— Program Voltage 
a choice of monitoring the Ready/Busy output or using Generation 3 
Poo] 


Data polling. The Ready/Busy pin is an open drain 
output, which allows easy configuration in wired-or 
systems. Alternatively, Data polling allows the user to 
read the location last written to when the write operation 
is complete. CMOS design and processing enables this 
part to be used in systems where reduced power con- 
sumption and reliability are required. 


> 


Y : 
fe Decoder — Y Gating 


xX 64K bit 
Cell Matrix 


ah = wo oe oe oe oe oe 


> 
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28C64A picE FORM 


—— — ELECTRICAL CHARACTERISTICS 














































Vcc and input voltages w.r.t. VSs ........-0.6V to + 6.25V 


AO - A12 - Address Inputs Voltage on OE w.r.t. VSS wo... seuss O.6V to +13.5V 
CE Chip Enable Voltage on AQ W.F.t. VSS ou. cece .-0.6V to +13.5V 
OE Output Enable Output Voltage w.r.t. VSS ou. -0.6V to Vcc+0.6V 
WE Write Enable Storage temperature ............cc cess -65° C to 125° C 
1/00 - 1/07 Data Inputs/Outputs Ambient temp. with power applied ........ -50° C to 95° C 
RDY/Busy Ready/Busy 

Vcc +5V Power Supply ee a a os 

Vss Ground Notice: Stresses above those listed under “Maximum Rat- 


ings” may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at 
those or any other conditions above those indicated in the 
operation listings of this specification is not implied. Exposure 
to maximum rating conditions for extended periods may affect 
device reliability. 


NU Not Used; No External 


Connection is Allowed 


READ / WRITE OPERATION Voc = +5V 410% 
DC Characteristics Commercial: Tamb= 0° C to 70°C 


parameter T on tin Ear 


Input Voltages Logic "1" VIH Vec+1 
Logic "0" VIL = : 0.8 
Output Voltages Logic "1" VOH 
Logic "0" VOL 0.45 
Output Capacitance 7 
Power Suppy Current, Active TTL input ia 
Power Supply Current, Standby | TTLinput | Icc(s)TTL 
CMOS input | Icc(s)cMos 


Note: as AC power supply current above 5 MHz: 2 mA/MHz 


Bc 














VIN= -0.1V to eee 


VIN = OV; Tamb = 25° C: 


Input Capacitance 





loH = -400uA 
loL=2.1mA 


VouT= -0.1V to Vcc+0.1V 


VIN = OV; Tamb = 25° C; 
f= 1 MHz 


f = 5 MHz (Note 1) 
Vcc = 5.5V; 


—_ 
3. Ke) = 


CE = VIH 
CE = Vcc-0.3 to Voc+1 
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READ OPERATION AC Testing Waveform: VIH= 2.4V; ViL= 0.45V; VoH= 2.0V; VoL = 0.8V 
AC Characteristics Output Load: 1 TTL Load + 100 pF 

Input Rise and Fall Times: 20 nsec 

Ambient Temperature: Commercial: Tamb = 0°C to 70°C 








a OD 


[eewomuney | oe || mf mw | mem 
[eewowsomy | = | || = | ae 
ver [ep fe 

tOH 


CE or OE High to Output Float {OFF ae 
Output Hold from Address, CE 
or OE, whichever occurs first. 








READ WAVEFORMS 


Address <i Address Valid i 


{OF F(1,3) 


10H 
\A\\\ High Z 
KKK) vaigout 8 


tacc 


Notes: (1) toFFis specified for OE or CE, whichever occurs first _ 
(2) OE may be delayed up to tcE - toe after the falling edge of CE without impact on tCE 
(3) This parameter is sampled and is not 100% tested 
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BYTE WRITE AC Testing Waveform: VIH = 2.4V; ViL = 0.45V; VOH = 2.0V; VoL = 0.8V 
Input Rise/Fall Times: 20 nsec 
Ambient Temperature: Commercial: -Tamb = 0°C to 70°C 


Address Set-up Time 



























> 
wn 


Address Hold Time 


oak, 
Oo 
oO 


Data Set-Up Time 





os os 
a 
(o) 
Oo 


Data Hold Time 


Fm a) 

Oo 

x= 
. 
© 


Note 1 


ook 
oO 
oO 


Write Pulse Width {WPL 


Write Pulse High Time tWPH 






OE Hold Time 


co) 


am al 
100 
< 
a —_ 
© 


OE Set-Up Time 


oi 
Oo 


Data Valid Time 1000 Note 2 

Time to Device Busy | toe 50 ae 
Write Cycle Time (28C64A) 
Note: (1) A write cycle can be initiated ¢ CE or WE going low, whichever occurs last. The data is latched on 


the positive edge of CE or WE, whichever occurs first. | 
(2) Data must be valid within 1000ns max. after a write cycle is initiated and must be stable at least 
until toH after the positive edge of WE or CE, whichever occurs first. 





PROGRAMMING 
Waveforms 


VIH 
Address 


VIL 
VIH 


CE, WE 
. VIL 


VIH 
Data In 


VIL 


VIH 
VIL 


VOH . 


Rdy/Busy 


VOL 
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DATA POLLING 
Waveforms 


ViH j 
. Last Written 
IL tacc |= 
ViH tce 


tWPH 


NE ROS 
ei SSNASSSSNNN 


tDv 


Vin iP ry 
Vit 


twc 


CHIP CLEAR 
Waveforms 


tw = 10ms 
tS =tH = Tus 
VH = 12.0V +0.5V 


SUPPLEMENTARY CONTROL 


| vec | VO 


| CE | OF | We | Ao | Vee 
Chip Clear Fee Tea CS ae a cae ee 
Extra Row Read 
Extra Row Write pT GeV | Voc | atain 


Note: VH = 12.0V +0.5V * Pulsed per programming waveforms. 





© 1990 Microchip Technology Inc. | | DS11135B-5 














28C64A pice FORM 


DEVICE OPERATION 


The Microchip Technology Inc 28C64A has four basic 
modes of operation—read, standby, write inhibit, and 
byte write—as outlined in the following table. 


Operation Mode es VO | Rdy/Busy(1) 


Read 


Standby 
Write Inhibit 
Write Inhibit 
Write Inhibit 
Byte Write 
Byte Clear 














Automatic Before Each "Write" 


Note: (1) Open drain output. 
(2) X = Any TTL level. 


Read Mode 


The 28C64A has two contro! functions, both of which 
must be logically satisfied in order to obtain data at the 
outputs. Chip enable (CE) is the power control and 
should be used for device selection. Output Enable (OE) 
is the output control and is used to gate data to the output 
pins independent of device selection. Assuming that 
addresses are stable, address access time (tACC) is 
equal to the delay from CE to output (tce). Data is 
available at the output toe after the falling edge of OE, 
assuming that CE has been low and addresses have 
been stable for at least tACC-toE. | 


Standby Mode 


The 28C64<A is placed in the standby mode by applying 
a high signal to the CE input. When in the standby mode, 
the outputs are in a high impedance state, independent 
of the OE input. 


Data Protection 


In order to ensure data integrity, especially during critical 
power-up and power-down transitions, the following 
enhanced data protection circuits are incorporated: 


First, an internal Vcc detect (3.3 volts typical) will inhibit 
the initiation of non-volatile programming operation when 
Vcc is less than the Vcc detect circuit trip. 


Second, there is a WE filtering circuit that prevents WE 
pulses of less than 10ns duration from initiating a write 


- cycle. 


Third, holding WE or CE high or OE low, inhibits a write 
cycle during power-on and power-off (Vcc). 


Write Mode 


The 28C64A has a write cycle similar to that of a Static 
RAM. The write cycle is completely self-timed and 
initiated by a low going pulse on the WE pin. On the 
falling edge of WE, the address information is latched. 
On rising edge, the data and the control pins (CE and 
OE) are latched. The Ready/Busy pin goes to alogiclow 


level indicating that the 28C64A is in a write cycle which 


signals the microprocessor host that the system bus is 
free for other activity. When Ready/Busy goes back to 
a high, the 28C64A has completed writing and is ready 
to accept another cycle. 


Data Polling 


The 28C64A features Data polling to signal the comple- 
tion of a byte write cycle. During a write cycle, an 
attempted read of the last byte written results in the data 
complement of 1/07 (I/O0 to I/O6 are indeterminable). 
After completion of the write cycle, true data is available. 
Data polling allows a simple read/compare operation to 
determine the status of the chip eliminating the need for 
external hardware. | 


Electronic Signature for Device Identification 


An extra row of 32 bytes of EEPROM memory is avail- 
able to the user for device identification. By raising A9 
to 12V +0.5V and using address locations 1FEO to 
1FFF, the additional bytes can be written to orreadfrom | 
in the same manner as the regular memory array. 


Optional Chip Clear 


All data may be cleared to 1's in a chip clear cycle by 
raising OE to 12 volts and bringing the WE and CE low. 
This procedure clears all data, except for the extra row. 
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NOTES: 
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28C64A pice FoRM 


SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 


factory or the listed sales offices. 


PART NUMBERS 
28C64A -25 -/W 


Package: W 
S 


Temperature Blank 
Range: 


Access Time: 25 


Device: 28C64A 





Dice in Wafer Form 
Dice in Waffle Pack 


0°C to 70°C 


250 nsec 


(8K x 8) CMOS EEPROM 
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SECTION 3 
EPROM PRODUCT SPECIFICATIONS 





27C64 64K (8K x 8) CMOS UV Erasable PROM ...0.........ccscessecceecsnsesesseceseeeseesseeeresseeeeeesanes 3-1 
270128 128K (16K x 8) CMOS UV Erasable PROM ..............cecccessecesteecereteeeeseseeeeteeeetteneeeess 3- 9 
270256 256K (32K x 8) CMOS UV Erasable PROM ..............:ccesescseneeeeseseeeeeeneeeeeereneneeseres 3- 17 
270512 512K (64K x 8) CMOS UV Erasable PROM ...............scecessseeesessessneneeeeeeeeeeeteneeeesenees 3- 25 
27HC64 64K (8K x 8) High Speed CMOS UV Erasable PROM ............ cee eeseeesneeeseeeeeeneesenees 3- 33 
27HC256 256K (32K x 8) High Speed CMOS UV Erasable PROM ...............::cccsseseeseeteenneeeeees 3- 41 
27HC1616 256K (16K x 16) High Speed CMOS UV Erasable PROM ..............ccccssececeseseeeeeeees 3- 49 
27HC641 64K (8K x 8) High Speed CMOS UV Erasable PROM ......0.. ee eeessseeceeeeteteeeeeeeeees 3- 57 
27CXxx 270xxx EPROM Family Programming Algorithm .0.......... ccc eeeeeseeeesesceeeeeeesseneeeeeeeens 3- 65 
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64K (8K x 8) CMOS EPROM 





FEATURES 


High speed performance 

—120ns maximum access time 

CMOS Technology for low power consumption 
—20mA Active current 

—100yA Standby current 

Factory programming available 
Auto-insertion-compatible plastic packages 
Auto ID™ aids automated programming 
Separate chip enable and output enable controls 
High speed "express" programming algorithm 
Organized 8K x 8: JEDEC standard pinouts 
—28-pin Dual-in-line package 

—32-pin Chip carrier (leadless or plastic) 
—28-pin SOIC package 

—Tape and reel 

Available for extended temperature ranges: 
—Commercial: 0° C to 70° C 

—Industrial: -40° C to 85° C 

—Automotive: -40° C to 125° C 

—Military** (B): -55° C to 125° C 


DESCRIPTION 


The Microchip Technology Inc 27C64 is a CMOS 64K bit 
(electrically) Programmable Read Only Memory. The 
device is organized as 8K words by 8 bits (8K bytes). 
Accessing individual bytes from an address transition or 
from power-up (chip enable pin going low) is accom- 
plishedinlessthan120ns. This very high speed device 
allows the most sophisticated microprocessors to run at _ 
full speed without the need for WAIT states. CMOS 
design and processing enables this part to be used in 
systems where reduced power consumption and relia- 
bility are requirements. 


A complete family of packages is offered to provide the 
most flexibility in applications. For surface mount appli- 
cations, PLCC or SOIC packaging is available. Tape 
and reel packaging is also available for PLCC or SOIC 
packages. U.V. erasable versions are also available. 


PIN CONFIGURATIONS 
Top View 


** See 27C64 Military Data sheet DS6001 1 
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Function 


Address Inputs © 
Chip Enable 

Output Enable 
Program Enable 
Programming Voltage 
Data Output: | 
+5V Power Supply 
Ground 

No Connection; No Internal 
Connections 

Not Used; No External 
Connection Is Allowed 








ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 
Vcc and input voltages w.r.t. Vss..........-0.6V to +7.25V 
VPP voltage w.r.t. VSS during 


PFOQFAMIMING ..........ccecccceesessssssreeeeeeeeeees -0.6V to +14V 
Voltage on AQ W.r.t. VSS wo. ecsseeeseeees -0.6V to +13.5V 
Output voltage w.r.t. VSS ou... -0.6V to Vcc +1.0V 
Storage temperature .............cceceeee -65° C to 150° C 


Ambient temp. with power applied .....-65° C to 125° C 


“Notice: Stresses above those listed under “Maximum Ratings” 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 


conditions for extended periods may affect device reliability. 


Vcc = +5V +10% 
READ OPERATION Commercial: Tamb= 0° C to 70°C 


DC Characteristics - 7 Industrial: Tamb= -40° C to 85° C 


| Automotive: Tamb= -40° C to 125°C 
Input Voltages 


Input Leakage | 


Output Voltages 


Output Leakage 


Input Capacitance pat 
S) 
X 


ogic "1" : lOH = -400A 
ogic "0" loL = 2.1mA 


VouT = OV to Vcc 
VIN = OV; Tamb = 25° C: 
f = 1MHz 
Vout = O0V;Tamb= 25° C; 
f = 1MHz 


Icc1 20 mA | Vcc = 5.5V; VPP = Vcc; 
TTL input | 25 mA | f= 1MHz; 
OE = CE = VIL; 
lout = OmA; 
Vit= -0.1 to 0.8 V; 
ViH= 2.0 to Vcc; 
Note 1 


Standby : X TTL input 3 mA | 
all | CMOS input 100 WA |} CE = Vcc +0.2V 
VPP Read Voltage all_| Read Mode VPP Vcc-0.7 | Vcc V | Note 2 
* Parts: S = Standard Power; X = Extended Temp. Range; 


~ Notes: (1) AC Power component above 1MHz: 8mA up to maximum frequency. — 
(2) Vcc must be applied before Vp, and be removed simultaneously or after Vp. 


Output Capacitance 


Power Suppy Current, 
Active 
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AC Testing Waveform: — ViH= 2.4V and ViL= 0.45V; VOH= 2.0V VoL =0.8V 
READ OPERATION Output Load: 1 TTL Load + 100 pF 
AC Characteristics Input Rise and Fall Times: 10nsec 


Ambient Temperature: Commercial: Tamb= 0°Cto 70°C 
Industrial: Tamb = -40°C to 85°C 
Automotive: Tamb= -40°C to 125°C 


P| in | tax] in | a Min 
aaiesstoOupu Deal wec| | 20) [so] | 70] 
Bemcmmcony [me [ im [vm[ [vm] 
Beemrooe [eel [el fe [ le] 
maw PU" LTO 
Impedance 


Output Hold from _ 
Address CE or OE, 
whichever occurs first 


READ WAVEFORMS 


Address 


TOFF(1,3) 
tOH 


00° A ne, a 
| 00 - 07 V\\\h Valid Output NIN | 


tAcCc 


Notes: (1) toFFis specified for OE or CE, whichever occurs first _ 
(2) OE may be delayed up to tceE - toe after the falling edge of CE without impact on tce 
(3) This parameter is sampled and is not 100% tested. 





© 1990 Microchip Technology Inc. | DS11107F-3 











27C64 





PROGRAMMING : Ambient Temperature: Tamb = 25° C +5° C 
DC Characteristics | _ Vcc = 6.5V + 0.25V, Vpp = VH = 13.0V + 0.25V 


Parameter | | Status Symbol 


Input Voltages Eo aes Logic "1" VIH 
; ; _ Logic "0" VIL 


[tex [inte] contre 


Vec+1 


aQn 
1. O 


oO 
© 


uA | VIN= OV to Vcc 


< 
Oo 
<r 


NO 
aS 
—_ © 
ho ms 
oi OI 
z 


lOH = -400pA 


10 
loL = 2.1MA 


Output Voltages Logic "1" 
: Logic "0" VOL 
Vcc Current, program & verify PP oc 


AQ Product Identification 11.5 


Note: (1) Vcc must be applied simultaneously or before VPP and removed simultaneously or after VPP 





<|3 


PROGRAMMING . AC Testing Waveform: ViH= 2.4 V and ViL= 0.45 V; VOH= 2.0 V; VoL_=0.8 V 
AC Characteristics Output Load: 1 TTL Load + 100 pF 

for Program, Program Verify Ambient Temperature: Tamb = 25° C +5° C 

and Program Inhibit Modes Vcc = 6.5V + 0.25V, VpP = VH = 13.0V + 0.25V 


Parameter [symbot_| Min | Max _ 


Address Set-Up Time 


n n ” n n 


Remarks 


> 
n 


Data Set-Up Time 


Data Hold Time 


S 
= 


Address Hold Time 


Float Delay (2) 


< 
Q 
7) 


<= 
_ _ 
© ie) 
ol © 


100s typical 


Vcc Set-Up Time 


Program Pulse Width (1) 


u 
CE Set-Up Time Mv 


s 
s 
us 


OE Set-Up Time 


7A 


VPP Set-Up Time 


100 


= 
wn 
| fs 


Data Valid from OE 


Notes: (1) For express algorithm, initial programming width tolerance is 100yusec +5%. 
(2) This parameter is only sampled and not 100% tested. Output float is defined as the point where data | 
is no longer driven (see timing diagram). . 
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PROGRAMMING 
Waveforms 


Program 


Address Address Stable 
tAS 


Data Out Valid 


13.0V(2) 


5.0V 
6.5V(2) 


5.0V 





VIH 
VIL 
VIH 
VIL 


Notes: (1) toF and toe are characteristics of the device but must be accommodated by the programmer 
(2) Vcc = 6.5 V +0.25 V, VpP = VH = 13.0 V +0.25 V for express algorithm 








MODES Read Mode 
JOperation Mode| CE | OE war (See Timing Diagrams and AC Characteristics) 
Read Dout Read Mode is accessed when 
Program DIN 
Program Verif DOUT ee ; 
eaaen ‘ance High Z a) the CE pin is low to power up (enable) the chip 
High Z eS se 
High Z b) the OE pin is low to gate the data to the outpu 
Identity Code pins. 
X = Don't Care 
For Read operations, if the addresses are stable, the 
address access time (tACc) is equal to the delay from CE 
to output (tce). Data is transferred to the output after a 
delay from the falling edge of OE (toe). 
© 1990 Microchip Technology Inc. | DS11107F-5 
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ndby M 


The standby mode is defined when the CE pin is high 


-(VIH) and a program mode is not defined. 


When these condition are met, the supply current will 
drop from 20mA to 100pA. 


Output Enable 


This feature eliminates bus contention in multiple bus 
microprocessor systems and the outputs go to a high 
impedance when the following condition is true: 


* The OE pin is high and a program is not defined. 
Erase M V. Win Versi 


Windowed products offer the ability to erase the memory 
array. The memory matrix is erased to the all 1’s state 
as a result of being exposed to ultraviolet light. To 
ensure complete erasure, a dose of 15 watt-second/cm? 
is required. This means that the device window must be 
placed within one inch and directly underneath an ultra- 
violet lamp with a wavelength of 2537 Angstroms, inten- 
sity of 12,000uW/cm? for approximately 20 minutes. 


Programming Mode 


The express algorithm has been developed to improve 
on the programming throughput times in a production 
environment. Up to 10 100-microsecond pulses are 
applied until the byte is verified. No overprogramming is 
required. A flowchart of the express algorithm is shown 
in Figure 1. 


Programming takes place when: 


a) Vcc is brought to proper voltage, 
b) VpPis brought to proper VH level, 
c) the CE pin is low, 

d) the OE pin is high, and 

e) the PGM pin is low. 


Since the erased state is “1” in the array, programming 
of “O” is required. The address to be programmed is set 
via pins AQ-A12 and the data to be programmed is 
presented to pins O0-O7. When data and address are 
stable, OE is high, CE is low and alow-going pulse on the 


~PGM line programs that location. 


| Manufacturer | VIL 1 1 0/1 
Device Type*| VIH 0 0 110 


Verify 


After the array has been programmed it must be verified 
to ensure all the bits have been correctly programmed. 
This mode is entered when all the following conditions 
are met: 


a) Vcc is at the proper level, 

b) VPP is at the proper VH level, 
c) the CE line is low, 

d) the PGM line is high, and 

e) the OE line is low. 


nhi 


When programming multiple devices in parallel with 
different data, only CE or PGM need be under separate 
control to each device. By pulsing the CE or PGM line 
low on aparticular device in conjunction with the PGM or 
CE line low, that device will be programmed; all other 
devices with CE or PGM held high will not be pro- 
grammed with the data, although address and data will 
be available on their input pins (i.e., when a high level is 
present on CE or PGM); and the device is inhibited from 
programming. 


Identity Mode 


In this mode specific data is outputted which identifies 
the manufacturer as Microchip Technology Inc and 
device type. This mode is entered when Pin AQ is taken 
to VH (11.5V to 12.5V). The CE and OE lines must be 
at Vi. AO is used to access any of the two non-erasable 
bytes whose data appears on O0 through O7. 


Po—= Joa] Out 


| 7 41/3}2)1 e 
a 


RE RAE TN ON EE CRS A ES LORE 










* Code subject to change. 


, nai eg Pn ete reenenenenaeenanytervarstwarnnnrastnvenetteret 
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Conditions: 

Tamb = 25° C +5° C 
Vcc = 6.5 +0.25V 
VPP = 13.0 +0.25V 


© 1990 Microchip Technology Inc. 


PROGRAMMING - FIGURE 1 
EXPRESS ALGORITHM 









ADDR = First Location 
Vcc = 6.5V 
VPP = 13.0V 


Program one 100 usec pulse 
Increment X 





Yes 


Address? 


Device 
Failed 


No 


Increment Address 
Vcc = Veep = 4.5V,5.5V 


All 
No Device 
Failed 













bytes 
= Original 
data? 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


PART NUMBERS 


27C64 - 25 1/K 


Package: : Cerdip 
Ceramic Leadless Chip Carrier 
Plastic Leaded Chip Carrier 
Plastic DIP 
Plastic SOIC 


Temperature 0°C to 70°C 
Range: — -40° C to 85°C 
4 -40°C to 125°C 


Access Time: 120 nsec 
150 nsec 
170 nsec 
200 nsec 
250 nsec 


64K (8K x 8) CMOS EPROM 
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128K (16K x 8) CMOS EPROM 





FEATURES 


High speed performance 

—120ns Maximum access time 

CMOS Technology for low power consumption 
—20mA Active current 

—100uA Standby current 

Factory programming available 
Auto-insertion-compatible plastic packages 
Auto ID™ aids automated programming 
Separate chip enable and output enable controls 
High speed "express" programming algorithm 
Organized 16K x 8: JEDEC standard pinouts 
—28-pin Dual-in-line package 

—32-pin Chip carrier (leadless or plastic) 
—28-pin SOIC package 

—Tape and reel 

Available for extended temperature ranges: 
—Commercial: 0° C to 70° C 

—Industrial: -40° C to 85° C 

—Automotive: -40° C to 125° C 

—Military**(B): -55° C to 125° C 


DESCRIPTION 


The Microchip Technology Inc 27C 128 is a CMOS 128K 
bit (electrically) Programmable Read Only Memory. The 
device is organized as 16K words by 8 bits (16K bytes). 
Accessing individual bytes from an address transition or 
from power-up (chip enable pin going low) is accom- 
plished inlessthan120ns. This very high speed device 
allows the most sophisticated microprocessors to run at 
full speed without the need for WAIT states. CMOS 
design and processing enables this part to be used in 
systems where reduced power consumption and relia- 
bility are requirements. 


Acomplete family of packages is offered to provide the 
most flexibility in applications. For surface mount appli- 
cations, PLCC or SOIC packaging is available. Tape 
and reel packaging is also available for PLCC or SOIC 
packages. UV erasable versions are also available. 


PIN CONFIGURATIONS 


AG | 
AS Ie 
A4 
A3 
A2 


** See 27C128 Military Data sheet DS60012 
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PLCC/LCC 
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ELECTRICAL CHARACTERISTICS 


PIN FUNCTION TABLE as 
Ee rae | : atings 

7 7 Vcc and input voltages w.r.t. VSS.......... -0.6V to +7.25V 
Address Inputs VepP voltage w.r.t. Vss during | | 
Chip miei PFOQFAMMING ......s.ssseseeesesssesseessesseeeees -0.6V to +14V 
hah sala Voltage on AQ W.r-t. VSS wccccscccsscseseeee -0.6V to +13.5V 
nin g ee ge Output voltage w.r.t. VSS oe -0.6V to Vcc + 1V 
Data Output | Storage temperature .............:cccscseeees -65° C to 150° C 
+5V Power Supply Ambient temp. with power applied .....-65° C to 125° C 


Ground 


Anse co its Lie 3 *Notice: Stresses above those listed under “Maximum Ratings” 
. . may Cause permanent damage to the device. This is a stress 
Not Used; No External rating only and functional operation of the device at those or any 
Connection Is Allowed other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 

conditions for extended periods may affect device reliability. 





READ OPERATION : Voc = +5V +10% 


DC Characteristics Commercial: Tamb= 0° C to 70°C 


industrial: Tamb= -40° C to 85° C 
Logic "0" 


Automotive: Tamb= -40° C to 125° C 
Logic "1" VOH 


Logic "0" VOL 


Parameter | 


V 
10 VIN= 0 to Vcc 
2.4 IOH = -400nA 
0.45 V loL = 2.1mA 
10 Vout = OV to Vcc 
San VIN = OV; Tamb = 25° C; 
f = 1MHz 


VouT = OV:Tamb= 25° C; 
f = 1MHz 


mA | Vcc = 5.5V; VPP = Vcc; 
mA | f= 1MHz; 
OE =CE = VIL; 
lout = OmA; 
ViL= -0.1 to 0.8 V; 
VIH= 2.0 to Vcc; 
Note 1 


TTL input Icc(s) 
TTL input 
Vpp Read Voltage all | Read Mode VPP Vcoc-0.7 Vcc Bees 


- * Parts: S = Standard Power; X = Extended Temp. Range; 
Notes: (1) AC Power component above 1MHz: 8mA up to maximum frequency. 
(2) Vcc must be applied before Vpp, and be removed simultaneously or after VPP. 


Input Voltages 


oS 

—_—t 

Slo ° 
as 


Input Leakage 


Output Voltages 


Output Leakage — 


Input Capacitance 


very 


Output Capacitance 


TTL input 
TTL input 


Power Suppy ae 
Active 





Power Supply Current, 
Slanmey 
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READ OPERATION AC Testing Waveform: ViH= 2.4V and Vi_= 0.45V; VOH= 2.0V VoL =0.8V 
AC Characteristics Output Load: Ween MOORE 
Input Rise and Fall Times: 10nsec 
Ambient Temperature: Commercial: Tamb= 0° Cto 70°C 
Industrial: Tamb = -40° C to 85° C 
Automotive: Tamb = -40° C to 125°C 




















Parameter (sym 


Address to Output Dela 


CE to Output Delay ae 
OE to Output Delay 


CE or OE to O/P High ba i 
Impedance 
Output Hold from_ 
Address CE or OE, 
whichever occurs first 






READ WAVEFORMS 


Address << Address Valid =, 


I 


| te aa 
Outputs Valid Output 


00 - 07 AN NLL 


tacc 
Notes: (1) toFFis specified for OE or CE, wiischener occurs first 


(2) OE may be delayed up to te - to€ after the falling edge of CE without impact on tCE 
(3) This parameter is sampled and is not 100% tested. 
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PROGRAMMING : Ambient Temperature: Tamb = 25° C +5° C 
DC Characteristics Vcc = 6.5V + 0.25V, Vep = 13.0V + 0.25V 


[pre |__| mot | in| 
Input Voltages | Logic "1" V | = ait 
Logic "0" VIL -0.1 
Output Voltages — Logic "i" | IOH = -400UA | 
, : | Logic "0" VOL 0. loL=2.1mA 
Vcc Current, program & verify P| oe 
ae ce 
Pm as 


Note: (1) Vcc must be applied simultaneously or before VPP and removed simultaneously or after VPP 
























oO 
ao 
and, 


: = 
oi 


WA 


oo) 





0 


Zz 


ote 1 


2 mA 
Vpp Current,program 25 mA ote 1. 


AQ Product Identification 


— 
NO 
oO 


fea arbetatte AC Testing Waveform: VIH= 2.4 V and ViL=0.45 V; VoH=2.0 V; VoL=0.8V 
aracteristics Output Load: 1 TTL Load + 100 pF 

for Program, Program Verify Ambient Temperature: Tamb = 25° C +5°C 

and Program Inhibit Modes Vcc = 6.5V + 0.25V, VPP = 13.0V +0.25V . 
Parameter 

Address Set-Up Time 

Data Set-Up Time - 

Data Hold Time 

Address Hold Time 

Float Delay (2) 

Vcc Set-Up Time 

Program Pulse Width (1) 

CE Set-Up Time | 


OE Set-Up Time 


VppP Set-Up Time 


Data Valid from OE 


Notes: (1) For express algorithm, initial programming width tolerance is 100usec +5%. 
(2) This parameter is only sampled and not 100% tested. Output float is defined as the point where data 
is no longer driven (see timing diagram). 
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PROGRAMMING 
Waveforms 


Program 


Address Address Stable 


Data Out Valid 


13.0V(2) 


5.0V 
6.5V(2) 


5.0V 





VIH 
Vit 
VIH 
Vit 


Notes: (1) tDF and toe are characteristics of the device but must be accommodated by the programmer 
(2) Vcc = 6.5 V +0.25 V, VPP = VH = 13.0 V +0.25 V for express algorithm 





MODES Read Mode 


Operation Mod e| CE | OE | FGM Vpp (See Timing Diagrams and AC Characteristics) 


Read DouT Read Mode is accessed when 
Program DIN 


Sd bates ae | a) the CE pin is low to power up (enable) the chip 


Standby HighZ as 
Output Disable High Z _ b) the OE pin is low to gate the data to the output 


Identity identity Code 





pins. 

X = Don't Care 

For Read operations, if the addresses are stable, the 
address access time (tACC) is equal to the delay from CE 
to output (tcE). Data is transferred to the output after a 
delay from the falling edge of OE (toe). 
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Standby Mode 


The standby mode is defined when the CE pin is high 
(VIH) and a program mode is rot defined. 


When these condition are met, the supply current will 
drop from 20mA to 100nA. 


u Enabl 


This feature eliminates bus contention in multiple bus 
microprocessor systems and the outputs go to a high 
impedance when the following condition is true: 


- The OE pin is high and a program is not defined. 
Erase Mode (U.V. Windowed Versions 


Windowed products offer the ability to erase the memory 
array. The memory matrix is erased to the all 1’s state 
as a result of being exposed to ultraviolet light. To 
ensure complete erasure, a dose of 15 watt-second/cm? 
is required. This means that the device window must be 
placed within one inch and directly underneath an ultra- 
violet lamp with a wavelength of 2537 Angstroms, inten- 
sity of 12,000uW/cm? for approximately 20 minutes. 


Programming Mode 


The express algorithm has been developed to improve 
on the programming throughput times in a production 
environment. Up to 10 100-microsecond pulses are 
applied until the byte is verified. No overprogramming is 
required. A flowchart of the express algorithm is shown 
in Figure1. 


Programming takes place when: 


a) Vcc is brought to proper voltages, 
b) VPPis brought to proper VH level, 
c) the CE pin is low, _ 

d) the OE pin is high, and 

e) the PGM pin is low. 


Since the erased state is “1” in the array, programming 
of “0” is required. The address to be programmed is set 
via pins AO-A13 and the data to be programmed is 
presented to pins OO- O7. When data and address are 
stable, CE is low and a low-going pulse on the PGM line 
programs that location. 


Verify 


After the array has been programmed it must be verified 
to ensure all the bits have been correctly programmed. 
This mode is entered when all the following conditions 
are met: | 


a) Vcc is at the proper level, 

b) VPP is at the proper VH fevel, 
c) the CE line is low, 

d) the PGM line is. high, and 

e) the OE line is low. 


Inhibit 


When programming multiple devices in parallel with 
different data, only CE or PGM need be under separate 
control to each device. By pulsing the CE or PGM line 
low on aparticular device in conjunction with the PGM or 
CE line low, that device will be programmed; all other 
devices with CE or PGM held high will not be pro- 
grammed with the data, although address and data will 
be available on their input pins (i.e., when a high level is 
present on CE or PGM); and the device is inhibited from 
programming. 


Identity Mod 


In this mode specific data is outputted which identifies 
the manufacturer as Microchip Technology Inc and 
device type. This mode is entered when Pin AQ is taken 
to VH (11.5V to 12.5V). The CE and OE lines must be 
at VIL. AO is used to access any of the two non-erasable 
bytes whose data appears on O0 through O7. 





Pin —— a 


% Code subject to change. . 


— ren nrrtvretrerernusssin erratic remainder — - . 
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PROGRAMMING - FIGURE 1 
EXPRESS ALGORITHM 


Conditions: 

Tamb = 25° C +5° C 
Vcc = 6.5 +0.25V 
VpP = 13.0 +0.25V 


ADDR = First Location 
Vcc = 6.5V 
VPP = 13.0V 










Program one 100 usec pulse 
Increment X 


Verify 
Byte 





Pass 






Device 
Failed 





Increment Address 
Vcc = VpP = 4.5V,5.5V 


All 













Device \ Y°S / bytes \ NO Device 
Passed = original Failed 
data? 
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SALES AND SUPPORT 





To order or to obtain information, e. g., on pricing or Galery, please use the listed part numbers, and refer to the 
teciory or the listed sales offices. 


PART NUMBERS 


270128 - 25 1/P 


Package: Cerdip 
Ceramic Leadless Chip Carrier 
Plastic Leaded Chip Carrier 
Plastic DIP 
Plastic SOIC 


Temperature 0°C to 70°C 
Range: -40°C to 85°C 
-40°C to 125°C 


Access Time: 120 nsec 
150 nsec 
170 nsec 
200 nsec 
250 nsec 


Device: 27C128 128K (16K x 8) CMOS EPROM 
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Microchip 


2/C256 





256K (32K x 8) CMOS EPROM 





FEATURES 


High speed performance 

—120ns maximum access time 

CMOS Technology for low power consumption 
—20mA Active current 

—100yA Standby current 

Factory programming available 
Auto-insertion-compatible plastic packages 
Auto ID™ aids automated programming 
Separate chip enable and output enable controls 
High speed "express" programming algorithm 
Organized 32K x 8: JEDEC standard pinouts 
—28-pin Dual-in-line package 

—32-pin Chip carrier (leadless or plastic) 
—28-pin SOIC package 

—Tape and reel 

Available for extended temperature ranges: 
—Commercial: 0° C to 70° C 

—Industrial: -40° C to 85° C 

—Automotive: -40° C to 125° C 

—Military** (B): -55° C to 125° C 


DESCRIPTION 


The Microchip Technology Inc 27C256 is a CMOS 256K 
bit (electrically) Programmable Read Only Memory. The 
device is organized as 32K words by 8 bits (32K bytes). 
Accessing individual bytes from an address transition or 
from power-up (chip enable pin going low) is accom- 
plishedinlessthan120ns. This very high speed device 
allows the most sophisticated microprocessors to run at 
full soeed without the need for WAIT states. CMOS 
design and processing enables this part to be used in 
systems where reduced power consumption and relia- 
bility are requirements. 


A complete family of packages is offered to provide the 
most flexibility in applications. For surface mount appli- 
cations, PLCC or SOIC packaging is available. Tape 
and reel packaging is also available for PLCC or SOIC 
packages. UV erasable versions are also available. 


PIN CONFIGURATIONS 
Top View 





DIP 


** See 270256 Military Data sheet DS60013 
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ELECTRICAL CHARACTERISTICS 


PIN FUNCTION TABLE 


Function 


Address Inputs 

Chip Enable 

Output Enable 
Programming Voltage 
Data Output 

+5V Power Supply 
Ground 

No Connection; 

No Internal Connection 
Not Used; No External 
Connection is Allowed 





Maximum Ratings* 


Vcc and input voltages w.r.t. VSS......... -0.6V to +7.25V 
VPP voltage w.r.t. VSs during 


PFOQFAMIMING ........cceseeeserccceecseeceeeeseeee -0.6V to +14.0V 
Voltage on AQ W.r.t. VSS oes -0.6V to +13.5V 
Output voltage w.r.t. VSS ou. -0.6V to Vcc + 1.0V 
Storage temperature ...............cccseeee -65° C to 150° C 


Ambient temp. with power applied .....-65° C to 125° C 


*Notice: Stresses above those listed under “Maximum Ratings” 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at those or any 


other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


Voc = +5V +10% 

Commercial: Tamb= 0° C to 70°C 
Industrial: Tamb= -40° C to 85° C 
Automotive: Tamb= -40° C to 125°C 


Vcoc+1 
0.8 
IOH = -400nA 


VIN= 0 to Vcc 
: loL= 2.1mMA 


READ OPERATION 
DC Characteristics 


Parameter 


Input Voltages 


Logic "1" VIH 2.0 
Logic "0" Vit -0.5 
ae : 
Logic "0" VOL 


TTL input © 


TTL input | © Icc(s) 
TTL input < 
CMOS input 


Input Leakage 


Output Voltages 


2.4 
-10 


12 VouT = 0V;Tamb= 25° C; | 
f = 1MHz 


Output Capacitance 


a 


Power Suppy Current, 
Active 


Power Supply Current, | S_ 
Standby | X 
all 


lpP Read Current all | Read Mode IPP 
Vpp Read Voltage all | Read Mode VpP Vcc-0.7 


CE = Vcc +0.2V 
Vpp = 5.5V 
Note 2 
* Parts: S = Standard Power; X = Extended Temp. Range; 
Notes: (1) AC Power component above 1MHz: 5mA up to maximum frequency. 


(2) Vcc must be applied before Vep, and be removed simultaneously or after VpP. 


f = 1MHz; 
OE = CE = VIL; 
lout = OmA; 

Vit= -0.1 to 0.8 V; 
VIH= 2.0 to Vcc; 
Note 1 





: DS11001F-2 © 1990 Microchip Technology Inc. 


3-18 


270256 


READ OPERATION AC Testing Waveform: ViH= 2.4V and ViL= 0.45V; VOH= 2.0V VoL =0.8V 
AC Characteristics Output Load: 1 TTL Load + 100pF 
Input Rise and Fall Times: 10nsec 
Ambient Temperature: Commercial: Tamb= 0°Cto 70°C 
Industrial: © Tamb = -40°C to 85°C 
Automotive: Tamb = -40° C to 125° C 


27C0256-12 | 27C256-15 | 27C256-17 | 27C 256-20 | 27C256-25 
Max 


15 


Parameter 
Address to Output Delay |tacc 


OE to Output Delay joe 50 
CE or OE to O/P High _| torr 35 
Impedance : 


Output Hold from __ tOH 
Address CE or OE, 
whichever goes first 


aeac 
=| ff [wl 


READ WAVEFORMS 


Address 


VIL tOFF(1,3) 
| tOH 
VOH 


00°07 | KK vatsouon ptr? 
Valid Output 
00-07 yo, ANY : N/T 
| | tACC | 
Notes: (1) toFFis specified for OE or CE, whichever occurs first 


(2) OE may be delayed up to tcE - toe after the falling edge of CE without impact on tCE 
(3) This parameter is sampled and is not 100% tested. 
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PROGRAMMING Ambient Temperature: Tamb = 25° C +5" C 
DC Characteristics : ot. #8 Vcc = 6.5V + 0.25V, VeP = 13.0V + 0.25V 


Input Voltages 
ILt -10 uA | VIN=OVtoVcc 
Output Voltages 


| Logic "0" VOL 0.45 
weerenomemn oem [| 
weciensiwan [| 
[rossi | | 


Note: (1) Vcc must be applied simultaneously or before VPP and removed simultaneously or after VPP 





























~ Logic "1", 
Logic "0" 


se 
r= 
“4 O 

os 

a0 § 

oh, 


Input Leakage 





















PROGRAMMING | AC Testing Waveform: ViH= 2.4 V and ViL=0.45 V; VOH=2.0 V; VoL=0.8 V 
AG Chatactenstics Output Load: 1 TTL Load + 100 pF } 

for Program, Program Verify Ambient Temperature: Tamb = 25° C +5° C 

and Program Inhibit Modes Vcc = 6.5V + 0.25V, Vep = 13.0V + 0.25V 





Parameter Symbol / in | Max _| 


Remarks 














Address Set-Up Time tAS 


Data Set-Up Time {Ds 2 


Data Hold Time 


Address Hold Time H 


Float Delay (2) | ADF So 130 


Program Pulse Width (1) 


CE Set-Up Time 








Ss 100ps typical 


n n n n n 


= 
oO 
a 
— 
~) 
on 
= 





n 


n wn 


OE Set-Up Time 
VpP Set-Up Time 


Data Valid from OE {OE 


fe} 
m 
o 






Notes: (1) For express algorithm, initial programming width tolerance is 100usec +5%. 7 | 
(2) This parameter is only sampled and not 100% tested. Output float is defined as the point where data 
is no longer driven (see timing diagram). | | 
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PROGRAMMING 
~ Waveforms 


Program 


Address Address Stable 


High Z 


Data [ ata Stable fast | Data Out Valid 
13.0V(2) a 





6.5V(2) 
o fen 
VIH 
ViL 
VIH 
VIL 


Notes: (1) tOF and toe are characteristics of the device but must be accommodated by the programmer 
(2) Vcc = 6.5 V +0.25 V, Vpp = VH = 13.0 V +0.25 V for erpiess algorithm 





MODES Read Mode 

(See Timing Diagrams and AC Characteristics) 
Read Mode is accessed when 

a) the CE pin is low to power up (enable) the chip 


b) the OE pin is low to gale the data to the output 
pins. 





X = Don't Care For Read operations, if the addresses are stable, the 
address access time (tACC) is equal to the delay from CE 
to output (tcE). Data is transferred to the output after a 
delay from the falling edge of OE (toe). 
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Standby Mode 


The standby mode is defined when the CE pin is high 
(VIH) and a program mode is not defined. 


When these condition are met, the supply current will 
drop from 20mA to 100A. 


Output Enable 


This feature eliminates bus contention in multiple bus 
microprocessor systems and the outputs go to a high 
impedance when the following condition is true: 


- The OE pin is high and a program is not defined. 


Erase Mode (U.V. Windowed Versions) 


Windowed products offer the ability to erase the memory 
array. The memory matrix is erased to the all 1’s state 
as a result of being exposed to ultraviolet light. To 
ensure complete erasure, a dose of 15 watt-second/cm? 
is required. This means that the device window must be 
placed within one inch and directly underneath an ultra- 
violet lamp with a wavelength of 2537 Angstroms, inten- 
sity of 12,000uUW/cm? for approximately 20 minutes. 


Programming Mode 


The express algorithm has been developed to improve 
on the programming throughput times in a production 
environment. Up to 10 100-microsecond pulses are 
applied until the byte is verified. No overprogramming is 
required. A flowchart of the express algorithm is shown 
in Figure 1. 


| Programming takes place when: 


a) Vcc is brought to proper voltage, 
b) VpPPis brought to proper VH level, 
c) The OE pin is high and 

d) the CE pin is low. 


Since the erased state is “1” in the array, programming 
of “O” is required. The address to be programmed is set 
via. pins AQ-A14 and the data to be programmed is 
presented to pins O0-O7. When data and address are 
stable, alow-going pulse on the CE line programs that 
location. ‘5 


Verify 


After the array has been programmed it must be verified 
to ensure all the bits have been correctly programmed. 
This mode is entered when all the following conditions 
are met: 


a) VCC is at the proper level, 

b) VPP is at the proper VH level, 
c) The CE pin is high and 

d) the OE line is low. 


Inhibit 


When programming multiple devices in parallel with 
different data, only CE need be under separate control 
to each device. By pulsing the CE line low on aparticular 
device, that device willbe programmed; all other devices 
with CE held high will not be programmed with the data, 
although address and data will be available on their input 
pins. 


Identity Mode 


In this mode specific data is outputted which identifies 


_ the manufacturer as Microchip Technology Inc and 


device type. This mode is entered when Pin AQ is taken 
to VH (11.5V to 12.5V). The CE and OE lines must be 
at VIL. AO is used to access any of the two non-erasable 
bytes whose data appears on O0 through O7. 


Po [oval Out 


Identity Ao }O O O|;O H 
7 4 2/1 e 
: 





* Code subject to change. 
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PROGRAMMING - FIGURE 1 
EXPRESS ALGORITHM 


Conditions: 
Tamb = 25° C +5° C 


Vcc = 6.5 +0.25V 
VpP = 13.0 +0.25V (Start 


ADDR = First Location 


Vcc = 6.5V 
VpP = 13.0V 


Program one 100 psec pulse 
increment X 
Verify Pass 
Byte 
Yes / Device 
Failed 








Last Yes 
Address? 


No 


increment Address 


Vcc = VpP = 4.5V, 5.5V 





= Original 
data? 
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SALES AND SUPPORT 





To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


PART NUMBERS 
27C256. - 25 I/P 


Package: CERDIP 
Ceramic Leadless Chip Carrier 
Plastic Leaded Chip Carrier 
Plastic DIP 
Plastic SOIC 


Temperature 0°C to 70°C 
Range: -40°C to 85°C 
-40°C to 125°C 


Access Time: 120 nsec 
150 nsec 
170 nsec 
200 nsec 
250 nsec 


Device: 27C256 256K (32K x 8) CMOS EPROM 
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270512 





312K (64K x 8) CMOS EPROM 





FEATURES 


High speed performance 
—120ns access time available 


CMOS Technology for low power consumption 


—35mA Active current 

—100uA Standby current 

Factory programming available 
Auto-insertion-compatible plastic packages 
Auto ID™ aids automated programming 
High speed "express" programming algorithm 
Organized 64K x 8: JEDEC standard pinouts 
—28-pin Dual-in-line package 

—32-pin Chip carrier (leadless or plastic) — 
—28-pin SOIC package 

—Tape and reel 

Available for extended temperature ranges: 
—Commercial: 0° C to 70° C 

—Industrial: -40° C to 85° C 

—Automotive: -40° C to 125° C 

—Military** (B): -55° C to 125° C 


DESCRIPTION 


The Microchip Technology Inc 27C512 is aCMOS 512K 
bit (electrically) Programmable Read Only Memory. The 
device is organized into 64K words by 8 bits (64K bytes). 
Accessing individual bytes from an address transition or 
from power-up (chip enable pin going low) is accom- 
plishedinlessthan120ns. This very high speed device 
allows the most sophisticated microprocessors to run at 
full speed without the need for WAIT states. CMOS 
design and processing enables this part to be used in 
systems where reduced power consumption and relia- 
bility are requirements. 


A complete family of packages is offered to provide the 
most flexability in applications. For surface mount 
applications, PLCC or SOIC packaging is available. 
Tape or reel packaging is also available for PLCC or 
SOIC packages. U.V. erasable versions are also 
available. te. 


PIN CONFIGURATIONS 
Top View 


PLCC/LCC 





**See 27C512 Military Data Sheet DS60014 
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ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 
Vcc and input voltages w.r.t. VSS.......... -0.6V to +7.25V 
Address Inputs VpP voltage w.r.t. VSS during 
CE Chip Enable PFOGFAMMING ..........ecssecccesesseeeeceessssees -0.6V to +14.0V 
OE/VpP Output Enable/ Voltage on AQ W.F.t. VSS ccccccccssssscssceeeenn -0.6V to +13.5V 
Programming Voltage , Output voltage w.r.t. VSS oe -0.6V to Vcc + 1.0V 
00 - 07 Data Output Storage temperature ........ccceeeeeseeees -65° C to 150° C 


Vcc +5V Power Supply 
Vss Ground 


NC _ No Connection; No Internal “Notice: Stresses above those listed under “Maximum Ratings” 

Connection may cause permanent damage to the device. This is a stress 

NU Not Used; No External rating only and functional operation of the device at those or any 

| Connection Is Allowed other conditions above those indicated in the operation listings 

of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


Ambient temp. with power applied .....-65° C to 125° C 





READ OPERATION | Vcc = +5V +10% — 
DC Characteristics Commercial: Tamb= 0°C to 70°C 


Industrial: Tamb= -40° C to 85° C 
Automotive: Tamb= -40°C to 125°C 
Input Voltages - 


Input Leakage 


Output Voltages 


Output Leakage 


Input Capacitance pat 
S 
X 


Conditions — 


Logic "0" VIL 0.8 V 
as 
V lol =2.i1mA 
8 | pF | VIN = OV; Tamb = 25° C; 
f = 1MHz 
VouT = OV:Tamb= 25° C; 
f = 1MHz | 


35 mA | Voc =5.5V 
45 mA | f=1MHz; _ 
OE/Vpp= CE = VIL; 
lout = OmA; 
ViL= -0.1 to 0.8 V; 
VIH= 2.0 to Vcc; 


E = Vcc +0.2V 

















Output Capacitance 


Power Suppy Current, 
Active 

















TTL input 
TTL input 






















ICC(S)TTL 
ICC(S)TTL 


TTL input 
TTL input 


Power Supply Current, 
Standby 









* Parts: S = Standard Power; X = Extended Temp. Range; 
Notes: (1) AC Power component above 1MHz: 2mA/MHz. 
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READ OPERATION AC Testing Waveform: —-ViH= 2.4V and ViL= 0.45V; VoH= 2.0 V and VoL = 0.8V 
AC Characteristics Output Load: 1 TTL Load + 100pF 
Input Rise and Fall Times: 10nsec 
Ambient Temperature: Commercial: Tamb= 0° Cto 70°C 
Industrial: | Tamb = -40° C to 85° C 
Automotive: Tamb = -40° C to 125° C 


Parameter |Syml27cst 27C0512-12* |27C512-15 | 27C512-17 | 27C512-20 | 27C512-25 Units Conditions 


ee oS oS aa 


Address to Output | tacc 170 = OE/Vep = VIL 
Speers 


See OL 
seowaom|e| [@| [m| [m| [w[ [we lew 


OE to Output High | torr 
Impedance 


Output Hold from 

Address, CE or 

OE/Vpp, whichever 

occured first 

27C512-12 is only available incommercialtemperaturerange, 


*27C512-12 is only available in commercial temperature range 


















| 













READ WAVEFORMS 


Address <i Address Valid ~ 


OE/Vpp 
a 3) 


Outputs gh: LER, vasa ounas SY) 00? 
00-07 AANNUNNUNY 


Notes: (1) toFFis specified for OE/Vpp or CE, whichever occurs first 
(2) OE may be delayed up to tcE - toe after the falling edge of CE without impact on tCE 
(3) This parameter is sampled and is not 100% tested. 
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PROGRAMMING - Ambient Temperature: 25° C +5° C 
DC Characteristics Vcc = 6.5V + 0.25V, OE/VppP = VH = 13.0V + 0:25V 


oe SE sae me 


Input veo Logic "1" 2.0 | Vcc+1 
eet “Oe = -0.1 


He 
Output ee —_— vay 2.4 V lOH = sy 
a 

OE/Vep Current, program el Sef 


AQ Product Identification 


Note: (1) Vcc must be applied simultaneously or before the VPP voltage on OE/VppP and removed simultaneously 
or after the VPP voltage on OE/VpP. 


PROGRAMMING AC Testing Waveform: ViH= 2.4V and Vi_= 0.45V; VoOH= 2.0V; VoL = 0.8V 
AC Characteristics Output Load: 4 TTL Load + 100pF | 

for Program, Program Verify Ambient Temperature: 25°C +5°C 

and Program Inhibit Modes Voc = 6.5V + 0.25V, OE/Vpp = VH = 13.0V + 0.25V 


Parameter | | Symbol Min Max | Units} Remarks 


Address Set-Up Time 


.o) 


at 


Data Set-Up Time 
Data Hold Time 


Address Hold Time 


> 
i 


Float Delay (2) 


Vcc Set-Up Time 


< 
9) 
7) 


Program Pulse Width (1) 


ff 
= 


105 a 100us typical 
2 
coat I 
OE Recovery Time Tete 


Notes: (1) For express algorithm, initial programming width tolerance is 100usec + 5%, ae 
(2) This parameter is only sampled and not 100% tested. Output float is defined as the point where data 
| is no longer driven (see timing diagram). 


ICES 


me 
[Foapay@ fm 
Pees 


CE Set- -Up Time 
OE Set-Up Time 


OE Hold Time 


N 
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PROGRAMMING 
Waveforms 


Program 


Address Address Stable 


[ Data Stable Stable Data Out Valid 





tOE 


(1) 





Notes: (1) tbF and toe are characteristics of the device but must be accommodated by the programmer 
(2) Vcc =6.5 V +0.25 V, VPP = VH = 13.0 V +0.25 V for express algorithm 





MODES Read Mode 


Operation Mode OE/Vpp 


Read Dout 
Program DIN 
Program Verify DouT 
Program Inhibit High Z - 
Standby High Z wee 

Output Disable High Z b) the OE/VppP pin is low to gate the data to the 
Identity Identity Code output pins. 


(See Timing Diagrams and AC Characteristics) 











Read Mode is accessed when 


a) the CE pin is low to power up (enable) the chip 


X = Don't Care 


For Read operations, if the addresses are stable, the 
address access time (tACC) is equal to the delay from CE 
to output (tcE). Data is transferred to the output after a 
delay (toE) from the falling edge of OE/Vpp. 


eee errncemnnencimitietnentnnntnipnnttntn nt NE 
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Standby Mode 


The standby mode is defined when the CE pin is high 
and a program mode is not identified. 


When this condition is met, the supply current will drop 
from 35mA to 100A. 


Output Enable OE/Vpp 


This multifunction pin eliminates bus connection in mul- 
tiple bus microprcessor systems and the outputs go to 
high impedance when: 


* the OE/Vep pin is high (Vix). 


When a VH input is applied to this pin, it supplies the 
programming voltage (VPP) to the device. 


Erase Mode (U.V. Windowed Versions 

Windowed products offer the ability to erase the memory 
array. The memory matrix is erased to the all “1”’s state 
as a result of being exposed to ultraviolet light. To 
ensure complete erasure, a dose of 15 watt-second/cm? 
is required. This means that the device window must be 
placed within one inch and directly underneath an ultra- 
violet lamp with a wavelength of 2537 Angstroms, inten- 
sity of 12,000L.W/cm? for approximately 20 minutes. 


Programming Mode 


The express algorithm has been developed to improve 
on the programming throughput times in a production 
environment. Up to 10 100-microsecond pulses are 
applied until the byte is verified. No overprogramming is 
required. A flowchart of the express algorithm is shown 
in Figure 1. 


Programming takes place when: 
a) Vcc is brought to the proper voltage, 


b) OE/Ver is brought to the proper VH level, and 
c) CE line is low. 


Since the erased state is “1” in the array, programming 
of “0” is required. The address to be programmed is set 
via pins AO - A15 and the data to be programmed is 
presented to pins OO -O7. When data and address are 
stable, a low going pulse on the CE line programs that 
location. 


Verify — 


After the array has been programmed it must be verified 
to ensure all the bits have been correctly programmed. 
This mode is entered when all the following conditions 
are met: 


a) Vcc is at the proper level, 
b) the OE/VpP pin is low, and 
c) the CE line is low. 


Inhibit 


When programming multiple devices in parallel with 
different data, only CE needs to be under separate 
control to each device. By pulsing the CE line low ona 
particular device, that device will be programmed; all 
other devices with CE held high will not be programmed 
with the data (although address and data wiil be avail- 
able on their input pins). 


identity M 


In this mode specific data is output which identifies the 
manufacturer as Microchip Technology Inc and the 
device type. This mode is entered when Pin AQ is taken 
to VH (11.5V to 12.5V). The CE and OE/Vpr lines must 
be at Vit. AO is used to access any of the two non- 
erasable bytes whose data appears on O0 through O7. 


Identity Ao |O 0;O O H 
| 7 4/3 7 e 
! a 


Manufacturer | ViL | 0 1 1|0 1 
Device Type*| Vin | 0 0 1/1 1 


* Code subject to change. 
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27C512 





PROGRAMMING - FIGURE 1 
EXPRESS ALGORITHM 


Conditions: 
Tamb = 25° C +5° C 


Voc = 6.5 +0.25V (Start 
OE/VeP = 13.0 +0.25V 


ADDR = First Location 
__Vec = 6.5V 
OE/Vpp = 13.0V 






Program one 100 isec pulse 
Increment X 


Verify Pass 
Byte 


Fail 


No Yes / Device 
Failed 


Last 
Address? 


No 
Increment Address 







Yes 





Vcc = 4.5V,5.5V 














All 
bytes 
= Original 
data? 


Device No /“Device 
Passed Failed 









© 1990 Microchip Technology Inc. 3-31 DS11006F-7 

















27C512_ 


SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


PART NUMBERS 


27C512 -25 1/P 


Package: Cerdip 
Ceramic Leadless Chip Carrier 
Plastic Leaded Chip Carrier 
Plastic DIP 
Plastic SOIC 


Temperature 0°C to70°C 
Range: -40°C to 85°C 
-40°C to 125°C 


Access Time: 120 nsec 
150 nsec 
170 nsec 
200 nsec 
250 nsec 


Device: 27C512 512K (64K x 8) CMOS EPROM 
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ere 27HC64 


64K (8K x 8) High Speed CMOS UV Erasable PROM 





FEATURES DESCRIPTION 
¢ Bipolar Performance | The Microchip Technology Inc 27HC64 is a CMOS 64K 
— 40ns Maximum Access Time bit ultraviolet light Erasable (electrically) Programmable 
¢ CMOS Technology For Low Power Consumption Read Only Memory. The device is organized as 8K 
— 80mA Active Current | words by 8 bits (8K bytes). An advanced CMOS design 
— 100uA Standby Current (Low Power Option) allows bipolar speed with a significant reduction in 
¢ OTP (One Time Programming) Available power over bipolar PROMs. A low power option (L) 
¢ Auto-Insertion-Compatible Plastic Packages allows further standby power reduction to 100A. The 
¢ Auto ID™ Aids Automated Programming 27HC64_ is configured in a standard 64K EPROM 
¢ Separate Chip Enable and Output Enable Controls pinout, which allows an easy upgrade for 27C64 sock- 
¢ Two Programming Algorithms Allow Improved ets. This very high speed device allows digital signal 
Programming Times processors (DSP) or other sophisticated microproces- 
— Fast Programming sors to run at full speed without the need for WAIT states. 
— Express CMOS design and processing enables this part to be 
¢ Organized 8K x 8: JEDEC Standard Pinouts used in systems where reduced power consumption and 
— 28 Pin Dual in Line Package reliability are requirements. 
—— 32 Pin Chip Carrier (Leadless or Plastic) ; 
¢ Available for Extended Temperature Ranges: A complete family of packages is offered to provide the 
— Commercial: 0° C to 70° C most flexibility in applications. One Time Programming 
— Industrial: -40° C to 85° C (OTP) is available for low cost (plastic) applications. 


— Military**: -55° C to 125° C 


PIN CONFIGURATION 


_ Top View 


Chip Enable/ 
Output Enable 
Control! Logic 


Programming 
Logic 


> 


64K bit 
péccdat Cell Matrix 


Address i 


@Pin 1 indicator on PLCC on top of package 


Oc pk eas a cha le tana 





** See 27HC64 Military Data sheet DS60006 
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27HC64 


ELECTRICAL CHARACTERISTICS 
_ Maximum Ratings* 


PIN FUNCTION TABLE | 


Vcc and input voltages w.r.t. Vss...-0.6V to + 7.25V 


Address Inputs VPP voltage w.r.t. VSS during 

Chip Enable DFOGFAMMING .....cseseesssssesesecetseeees -0.6V to + 14V 

esa at Voltage on AQ w.r.t. VSS... ee -0.6V to +13.5V 

Programming Voltage Output voltage w.r.t. VSS... “0.6V to Vcc +1 OV 

Data Output Storage temperature ............. eee -65° C to 150° C 

+5V Power Supply Ambient temp. with power applied -65° C to 125° C 

Ground ESD protection on all pins ............. 2KV 

No Connection; No. oot Paar 
Internal Connection “Notice: Stresses above those listed under “Maximum Ratings” 


Not Used: No External may cause permanent damage to the device. This is a stress 

a rating only and functional operation of the device at those or any 

Connection Is other conditions above those indicated in the operation listings 

Allowed of this specification is not implied. Exposure to maximum rating 
. conditions for extended periods may affect device reliability. 





READ OPERATION | Voc = +5V +10% 
DC Characteristics Commercial: Tamb= 0° C to 70°C 
Industrial: |§ Tamb= -40° C to 85° C 


on symbol | min | Max | Units| Conditions 
towers | vw | 20 | voces fy 
Logic "0" VIL : 


V 
0.4 
or 


Parameter 
Input i ss 


input Leakage 


2.0 
-0.1 
Output Voltages Logic "1" VOH © 2. V IOH = - 4mA 
Logic "0" VOL V loL= 16mA 
pF VIN = OV; Tamb = 25° C 
f = 1MHz 


CoutT Vout = OV:Tamb= 25° C: 
f = 1MHz 


Power Suppy Current, TTL input Icc1 80 mA | Vcc =5.5V; VPP = Vcc 
Active Sx, LX | TTL input Icc2 90 mA | f=2MHz; 
OE = CE = VIL; 
lout = OmA; 
| ViL= -0.1 to 0.8 V; 
| ViH= 2.0 to Vcc; 
Note 1 


Standb [sx 0 ma 
Power Supply Current, | TTL input al 
Standby | e TTL input 
L, LX | CMOS input ar CE = Vec +0.2V 
IPP Read Current all Read Mode Ipp 100 iA Vpp = 5.5V 
Vpp Read Voltage _—E_si alll Read Mode | Vpp Vcc- | Vec Note 2 
0.7 


* Parts: S= Standard Power; L = Low Power; X = Industrial Temp Range; 
Notes: (1) AC Power component above 2 MHz: 3mA/MHz for standard part; 5 mA/MHz for 
7 industrial temperature range part. 
(2) Vcc must be applied before (or simultaneously with Ver), and be removed after (or 
simultaneously with) VPP. | 


Leakage 


Input Capacitance 


Output Capacitance 


Nn 
r 





DS11105E-2 os | | ry. | : © 1990 Microchip Technology Inc. 





27HC64 


READ OPERATION AC Testing Waveform: = ViH= 3.0V and ViL= 0.0V; VoOH= VoL = 1.5V 


Input Rise and Fall Times: 5 nsec 


Ambient Temperature: Commercial: Tamb= 0° Cto 70°C 
Industrial: | Tamb = -40° C to 85°C 


omer _{ror epee men ae ZTHCEA-6 sme ae zmose-7 oe 


— anes |=fal [fe fell | [oem 
‘aia re ree a 


CE to [OE t0 Output Delay Delay jing [OE=Me VIL 
CE or OE to O/P High tOFF 20 20 20 25 

Impedance 

Output Hold from _ 

Address CE or OE, which- 

ever goes first 


* Parts: S = Standard Power; L = Low Power 
** 27HC64-40 is only available in commercial temperature range 


READ WAVEFORMS 


Address <j Address valid >< 


I 


Ane , , / : Wi\\\ High Z 
a8 =) 5 


tOFF(1,3) 
tOH 


Notes: (1) toFFis specified for OE or CE, whichever occurs first 
(2) OE may be delayed up to tcE - toe after the falling edge of CE without nee on tCE 
(3) This parameter is sampled and is not 100% tested. | 
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27HC64 





PROGRAMMING _ Ambient Temperature: Tamb = 25° C +5° C oe 
DC Characteristics | ~ For Vee and Vcc Voltages refer to Programming Algorithms 


Parameter | Max 


Input Voltages | Logic "1" | |. 2.0 | Vec+1 
| {| Logic "0" . 0.1} O8 . 
| 0 vA | VIN= Ov to Vcc | 


Input Leakage : | | 1 
lOoH=-4mA 


Output Voltages | Logic "1" VOH 2.4 | 
Logic "0" =| VoL | 0.45 lo. = 16mA 
‘ 


Note: (1) Vcc must be applied simultaneously or before VPP and removed simultaneously or after VPP 





mA 
mA 










PROGRAMMING AC Testing Waveform: ViH= 2.4 V and ViL=0.45 V; VOH=2.0V; VoL=0.8V © 
Ae Chatacterisics Output Load: 1 TTL Load + 100 pF 

for Program, Program Verify Ambient Temperature: Tamb = 25° C +5’ C | 

and Program Inhibit Modes For Ver and Vcc Voltages, refer to Programming Algorithms na 


Parameter [symbot_| min_[Max 


Address Set-Up Time 











> 


s] 


Data Set-Up Time 


Data Hold Time 


Address Hold Time 


> 


1 ms typical 
100 us typical - 


Notes: (1) For Express algorithm, initial programming width tolerance is 100 psec +5%. For 
fast programming algorithm, initial program pulse width tolerance is 1 msec + 5%. 

- (2) For fast programming algorithm, the length of the overprogram pulse may vary | 

from 2.85 to 78.75 msec as a function of the iteration counter value. fe 


Vcc Set-Up Time | tvcs 


i 
Program Pulse Width (1 ) | tPw j0.95 }1.05 | 
Program Pulse Width (1) | 
CE Set-Up Time ices [2 | 
GE Set Up Tims ‘os fe |. 
VPP Set-Up Time tvPS | eed 
-Overprogram Pulse Width (2) 2.85 ms 


Data Valid from OE | 


ie 







ms 
us 
us 


ee 

® 

Oo 

” n ” ” on” n 


n 








(3) This parameter is only sampled and not 100% tested. Output float. is defined as 
the point where data is no longer driven (see timing diagram). | 





DS11105E-4 | ©1990 Microchip Technology Inc. | 


3-36 


27HC64 


PROGRAMMING 
Waveforms 


Program 


_ Address Address Stable 


tAS 


tDF 
(1) 
12.5V/13.0V(2) 


5.0V 
6.0V/6.5V(2) 


5.0V 





VIH 
VIL 
VIH 
VIL 
VIH 
OE 
VIL 
Notes: (1) tDF and toe are characteristics of the device but must be accommodated by the programmer 


(2) Voc =6.0 V +0.25 V, WP = W = 12.5 V +0.25 V for fast programming algorithm 
Vcc = 6.5 V +0.25 V, VPP = WH = 13.0V +0.25 V for Express algorithm 





MODES Read Mode 


Operation Mo de] CE | OE | PGM | Vep | Ag] 00-07 (See Timing Diagrams and AC Characteristics) 


Vit | Vie DoutT Read Mode is accessed when 
Vit | VIH DIN 


VIL DouT 


Vin High Z a) the CE pin is low to power up (enable) the chip 


VIH High Z —s 
VIL High Z b) the OE pin is low to gate the data to the output 
VIL Identity Code pins. 





X = Don't Care 
For Read operations on the low powered version, if the 
addresses are stable, the address access time (tACc) is 
equal to the delay from CE to output (tce). A faster CE 
access time (tCE) is available on the standard part to 
provide the additional time for decoding of the CE signal. 
Data is transferred to the output after a delay from the 
falling edge of OE (toe). 

pe RT 
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27HC64 


Standby Mode 


The standby mode is defined when the CE pin is high 
(VIH). 


When this condition is met, the supply current will drop 
from 80mA to 100A on the low power part and to 40mA 
on the standard part. 


Output Enable 


This feature eliminates bus contention in multiple bus 
microprocessor systems and the outputs go to a high 
impedance when 


- The OE pin is high and a program is not defined. 
Erase Mode 


Windowed products offer the ability to erase the memory 
array. The memory matrix is erased to the all 1’s state 
as a result of being exposed to ultraviolet light. To 
ensure complete erasure, a dose of 15 watt-second/cm? 
is required. This means that the device window must be 
placed within one inch and directly underneath an ultra- 
violet lamp with a wavelength of 2537 Angstroms, inten- 
sity of 12,000,W/cm? for 20 minutes. 


Programming Mode 


Two programming algorithms are available. The fast 
programming algorithm is the industry-standard pro- 
gramming mode that requires both initial programming 
pulses and overprogramming pulses. A flowchart of the 
fast programming algorithm is shown in Figure 1. 


The Express algorithm has been developed to improve 
on the programming throughput times in a production 
environment. Up to 10 100-microsecond pulses are 
applied until the byte is verified. No overprogramming is 
required. A flowchart of the Express algorithm is shown 
in Figure 2. 


Programming takes place when: 


a) Vcc is brought to proper voltage, 
b) VpPis brought to proper VH level, 
c) the CE pin is low, 

d) the OE pin is high, and 

e) the PGM pin is low. 


Since the erased state is “1” in the array, programming 
of “0” is required. The address to be programmed is set 
via pins AQ-Ai2 and the data to be programmed is 
presented to pins O0-O7. When data and address are 
stable, OE is high, CE is low anda low-going pulse on the 
PGM line programs that location. 


Verify 

After the array has been programmed it must be verified 
to ensure all the bits have been correctly programmed. 
This mode is entered when all the following conditions 
are met: 


Vcc is at the proper level, 
VPP is at the proper VH level, 
c) the CE line is low, 

d) the PGM line is high, and 

e) the OE line is low. 


Nee? Meee” 


a 
b 


~— Se 


inhibi 


When programming multiple devices in paraliei witi: 
different data, only CE need be under separate control 
to each device. By pulsing the CE line low ona particular 
device in conjunction with the PGM line low, that device 
will be programmed; all other devices with CE held high 
will not be programmed with the data, although address 
and data will be available on their input pins (i.e., when 
a high level is present on CE or PGM); and the device is 
inhibited from programming. 


Identity Mode 


In this mode specific data is outputted which identifies 
the manufacturer as Microchip Technology Inc., and 
device type. This mode is entered when Pin AQ is taken 
to VH (11.5V to 12.5V). The CE and OE lines must be 
at Vit. AO is used to access any of the two non-erasable 
bytes whose data appears on O0 through O7. 





* Code subject to change. 





DS11105E-6 


© 1990 Microchip Technology Inc. 


3-38 


27HC64 


PROGRAMMING - FIGURE 1 
EXPRESS ALGORITHM 


Conditions: 
Tamb = 25° C +5° C 


Vcc = 6.5 0.25 V 
Vpp = 13.0 +0.25 V (Start ) 


ADDR = First Location 


Vcc =6.5 V 
VpP = 13.0 V 










Program one 100 psec pulse 
Increment X 


Verify 
Byte 





Pass 










Address? 


Increment Address 


Vcc = Vpp = 4.5V, 5.5V 
All 
Device Yes 
Passed 














bytes 
= original 
data? 





© 1990 Microchip Technology Inc. DS11105E-7 








27HC64 


SALES AND SUPPORT 





To order,or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. . 


PART NUMBERS 


27HC64 - 45 1/K 


Package: , Cerdip DIP 
Ceramic Leadless Chip Carrier 
Plastic Leaded Chip Carrier (OTP Available) 
Plastic DIP (OTP Available) 


Temperature 0°C to 70°C 
Range: . -40°C to 85°C 


Access Time: 40 nsec 
45 nsec 
55 nsec 
70 nsec 


Device: 27HC64 64K (8K x 8) High Speed CMOS EPROM 
27HC64L_ 64K (8K x 8) High Speed Low Power CMOS 
EPROM 
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® 
Microchip 


27HC256 


256K (32K x 8) High Speed CMOS EPROM 





FEATURES 


¢ High speed performance 
—55ns access time available 
¢ CMOS technology for low power consumption 
—55mA active current 
—100uA standby current (low power option) 
¢ OTP (one time programming) available 
¢ Auto-insertion-compatible plastic packages 
¢ Auto ID™ aids automated programming 
¢ Organized in 32K x 8 - JEDEC Standard Pinouts 
—28-pin Dual-in-line and SOIC package 
—32-pin Chip carrier (leadless or plastic) 
¢ Extended temperature ranges available: 
—Commercial: 0° C to +70° C 
—Industrial: -40° C to +85° C 
—Automotive: -40° C to +125° C 
—Military**: -55° C to +125° C 


DESCRIPTION 


The Microchip Technology Inc 27HC256 is a CMOS 
256K bit (electrically) Programmable Read Only Memory. 
The device is organized into 32K words of 8 bit each. 
Advanced CMOS technology allows bipolar speed with 
a Significant reduction in power. A low power option (L) 
allows further reduction in the standby power requirement 
to 100HA. The 27HC256 is configured in a standard 
256K EPROM pinout which allows an easy upgrade for 
present 27C256 users. A complete family of packages 
are offered to provide the utmost flexibility. The 27HC256 
allows high performance microprocessors to run at full 
speed without the need of wait states. CMOS design 
and processing makes this part suitable for applications 
where reliability and reduced power consumption are 
essential. 


PIN CONFIGURATIONS 


See 27HC256 Military Data Sheet DS60009A 


Preliminary Information 


TOP VIEW 


PLCC/LCC 





© 1990 Microchip Technology Inc. 
DS11124C-1 











27HC256 


ELECTRICAL ed at 
Maximum Ratings* 


PIN FUNCTION TABLE 


Function 


: . Vcc and input voltages w.r.t. VSS.......... -0.6V to +7.25V 
Address Inputs | Vpp voltage w.r.t. Vss during | 

Chip Enable 3 DFOQFAMMING ......ceccssssessssesssesseseeeseeseseeees -0.6V to +14V 
Output Enable Voltage on Ag W. Ft. VSS ...cscsscscssssnsste -0.6V to +13.5V 
Programming Voltage Output voltage W.r.t. VSS wscccceo -0.6V to Voc +1.0V 
Data Output a Temperature under bias ........cc -65° C to 125°C 
+5V Storage temperature oo... -65° C to 150°C 
Ground Maximum exposure to UV..........00c.00-: 7258Wsec/cm? 
No Connection; No Internal Connection ESD protection on all pins ............ erent 2.0kV 
Not Used; No External Connection Is 


Allowed *Notice: Stresses above those listed under “Maximum Ratings” 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings 
of this specification is notimplied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 















| Vcc = +5V +10% Commercial: Tamb= 0° C to 70°C 
sapere lat Industrial: Tamb= -40° C to 85° C 
Automotive: Tamb= -40° C to 125° C 


|Part* | Status | Symbol | Min | Max |Units|Conditions | 
Logic i a VIH 2.0 | Vcc+1 V 
ama RL EEL 
Logic "0" VOL . . V__{loL=16mA 
Vcc +0.1V 
reer fT a ewer 
f = iMHz 
Output Capacitance 2 eee iu ae ee Lee VouT = 0V;Tamb = 25°C; 


TTL input Icc1 ia Vcc = 5. 5V; VPP = VCC 
TTL input Icc2 mA | f= 2MHz; 
OE = CE = Vi; 
lout = OmA; 
Vit= -0.1 to 0.8 V; 
| VIH= 2.0 to Vcc; 
Note 14 


lial ll 1 
_Standb SX 40 mA 
Standby LX TTL input Hs 
L, LX | CMOS input ‘60 | CE = Voc +0.2V 
IPP Read Current all Read Mode | |pp 100 7 Vpp = 5.5V 
Vpp Read Voitage all Read Mode | Vpp ‘Veco | Vec Note 2 
-0.7 


* Parts: S = Standard Power; L = Low Power; X = Industrial and Automotive Temp. Ranges; 
Notes: (1) AC Power component above 2 MHz: 3mA/MHz for standard part; 5 mA/MHz for 
extended temperature range part. 
(2) Vcc must be applied simultaneously or before Vep, and removed simultaneously or after VPP. 





Parameter 




















Input Voltages 


Input Leakage 







Output Voltages 






Output Leakage 






Power Suppy Current, 
Active 


# 
as 
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AC Testing Waveform: ViH= 3.0V and ViL= 0.0V; VOH= VoL = 1.5V 
READ OPERATION Output Load: 1 TTL Load + 30 pF 
AC Characteristics Input Rise and Fall Times: 5 nsec 

Ambient Temperature: Commercial: Tamb= 0° Cto 70°C 
Industrial: Tamb = -40° C to 85° C 
Automotive: Tamb= -40°Cto 125°C 

























Parameter Part’ 
Address to Output Delay ai 
CE to Output Delay L | tce1 55 70 

S | tce2 45 45 
Seow [aleel [»| [=| [oe 
OE to O/P High {OFF 25 30 35 
Impedance 
Output Hold from 


Address CE or OE, which- 
ever goes first 






























* Parts: S = Standard Power; L = Low Power 
** 27HC256-55 is only available in commercial temperature range 






READ WAVEFORMS 


Address Address valid 


tOFF(1,3) 
tOH 


Outputs i / | XAV\A High Z 


Notes: (1) toFFis specified for OE or CE, whichever occurs first _ 
(2) OE may be delayed up to tcE - toe after the falling edge of CE without impact on tcE 
(3) This parameter is sampled and is not 100% tested. 
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27HC256 


PROGRAMMING _ Ambient Temperature: Tamb = 25° C +5° C 
DC Characteristics Vec = 6.5V + 0.25V, VpP = 13.0V + 0.25V 


Input Voltages ss Logic "1" | Vi : Vec+1 
| Logic "0" VIL 1 0.8 


1 


Logic "1" Von | 24 lon=-4mA 
Logic "0" VoL 0.45 lo. = 16mA 





Note: (1) Vcc must be applied simultaneously or before VPP and removed simultaneously or after VPP. 


PROGRAMMING AC Testing Waveform: VIH= 2.4V and VIL= 0.45V; VOH=2.0V; VoL =0.8V 
AO Craractersiics Output Load: 1 TTL Load + 100 pF 

for Program, Program Verify Ambient Temperature: Tamb = 25° C +5° C 

and Program Inhibit Modes Vcc = 6.5V + 0.25V, Vpp = 13.0V + 0.25V 


Parameter 


Float Delay (2) 
Vcc Set-Up Time 


Program Pulse Width (1) 


_ Data Valid from OE 


Notes: (1) For express algorithm, initial programming width tolerance is 100 usec 45%, | | 
(2) This parameter is only sampled and not 100% tested. Output float is defined as the point where data 
is no longer driven (see timing diagram). 
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27HC256 


PROGRAMMING 
Waveforms 


Program 


Address Address Stable 


(| Data Stable Data Out Valid [> 


5.0V 


13.0V(2) = 


6.5V(2) 


5.0V tvcs 





VIH 
VIL 
Vin 


VIL 


Notes: (1) tOF and toe are characteristics of the device but must be accommodated by the programmer 
(2) Vcc = 6.5V +0.25V, VPP = VH = 13.0V +0.25V for express algorithm 





FUNCTIONAL DESCRIPTION 
The 27HC256 has the following functional modes: 


Operation Mode O0 - O7 

































Read X | DouT 
—Operation: The 27HC256 can be activated for data eens = DIN 
read, be put in standby mode to lower its power Program Verify Dout 
consumption, or have the outputs disabled. Program Inhibit High Z 
| High Z 
—Programming: To receive its permanent data, the High z 


27HC256 must be programmed. Both a program and 


Identity Code 
program/verify procedure is available. It can be 
programmed with Fast or Rapid Pulse algorithm. X = Don't Care 
Theprogrammingequipmentcanautomatically recognize Operation 
the devicetype and manufacturerusing the identity mode. Bee 
° Rea 
* Standby 


¢ Output Disable - 


For the general characteristics in these operation modes, 
refer to the table above. 
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27HC256 


Read Mode 


For timing and AC characteristics refer to the tables 
Read Waveforms and Read Operation AC Characteris- 
tics. | 


The 27HC256’s memory data is accessed when 


— the chip is enabled by setting the CE pin low. 
— the data is gated to the output pins by setting the 
OE pin low. 


For Read operations on the Low Power version, once 
the addresses are stable, the address access time 
(tacc) is equal to the delay from CE to output (tce). A 
faster CE access time (tCE) is available on the standard 
part to provide the additional time for decoding the CE 
signal. Data is transferred to the output after a delay 
(tOE) from the falling edge of OE. 


n Mode 


The standby mode is entered when the CE pin is high, 
and a program mode is not defined. When these 
conditions are met, the supply current will drop from 
55mA to 100A on the low power part, and to 35mA on 
the standard part. 


u Disabl 


This feature eliminates bus contention in multiple bus 
microprocessor systems. The outputs go to a high 
impedance when the OE pin is high, and the program 
mode is not defined. 


Programming Aigorithms 


The express algorithm has been developed to improve 
programming through-put times in a production envi- 
ronment. Up to 10 pulses of 100usec each are applied 
until the byte is verified. No overprogramming is re- 
quired. A flowchart of this algorithm is shown in Figure1. 


The programming mode is entered when: 


a) Vcc is brought to the proper level 

b) VpP_is brought to the proper VH level 
c) the OE pin is high 

d) the CE pin is low 


Since the erase state is "1" in the array, programming of 
"0" is required. The address of the memory location to 
be programmed is set via pins AO - A14, and the data is 
presented to pins OO - O07. When data and address are 
stable, a low going pulse on the CE line programs that 
memory location. : 


Verify 


After the array has been programmed, it must be verified 
to make sure that all the bits have been correctly 
programmed. This mode is entered when all of the 
following conditions are met: 


a) Vcc is at the proper level . 
b) VPP is at the proper VH level 
c) the CE pin is high 

d) the OE line is low — 


Inhibit Mode 


When Programming multiple devices in parallel with 
different data only CE needs to be under seperate 
control to each device. By pulsing the CE line low ona 
particular device, that device will be programmed, and 
all other devices with CE held high will not be pro- 
grammed with the data although address and data are 
available on their input pins. 


Identity Mode 


In this mode specific data is read from the device that 
identifies ths manufacturer as Microchip Technology, 
and the device type. This mode is entered when pin AQ 
is taken to VH (11.5V to 12.5V). The CE and OE pins 
must be at ViL. AO is used to access any of the two non- 
erasable bytes whose data appears on O0 - O7. 


Pin—e [input] Output 
Identity AO |O 0/0 O H 
7 4|3 1 e 

Xx 









Erasure 


Windowed products offer the ability to erase the memory 
array. The memory matrix is erased to the all “1”s state 
as a result of being exposed to ultra-violet light at 
wavelenghts < 4000 Angstroms (A). The recommended 
procedure is to expose the erasure window of device to 
a commercial UV source emitting at 2537 A with an 
intensity of 12,000uW/cm? at 1". The erasure time at that 
distance is about 15 to 20 min. 


Note: Fluorescent lights and sunlight emit rays at the 
specified wavelengths. The erasure time is about 3 
years or 1 week resp. in these cases. To prevent loss of 
data, an opaque label should be placed over the erasure 
window. 
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27HC256 


PROGRAMMING - Figure 1 
Express Algorithm 


Conditions: 
Tamb = 25+/-5C (Start) 
Vcc = 6.5+/-0.25V 


VPP = 13.0+/-0.25V 


ADDR = First Location 
Vcc = 6.5V 





VPP = 13.0V 
Program one 100 psec pulse 
Increment X 


Verify Pass 
Byte 


- Fail 


No Yes / Device 
Failed 
Address? 


No 
Increment Address 
Vcc = Vpp = 4.5V, 5.5V 


All 
Device \ Yes No “Device 
Passed Failed 











bytes 
= original 
data? 
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27HC256 


SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing, or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. | 


PART NUMBERS 


27HC256 L 


- 55 1/SO 


Package: 


Temperature 
Range: 


| Access Time: 


Power Type: 


S|) Device: 


OurxRKeC 


Blank 


55 


90 


27HC256 


Cerdip DIP 

Ceramic Leadiess Chip Carrier 
PLCC 

Plastic DIP 

Plastic SOIC 


0° C to +70° C 
-40° C to +85° C 
-40°C to + 125°C 


55 nsec 
70 nsec 
90 nsec 


Standard Power 
Low Power 


256K (32K x 8) High Speed EPROM 
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® 


Microchip 


27HC1616 


256K (16K x 16) High Speed CMOS UV Erasable PROM 





FEATURES 


High speed performance 

—45ns Maximum access time 

CMOS Technology for low power consumption 
—90mA Active current 

—100uA Standby current (low power option) 
OTP (one time programming) available 
WordWide architecture offers space saving over 
Bytewide memories 

Two programming algorithms allow improved 
programming times 

—Fast programming 

—Express 

Organized 16K x 16: JEDEC standard pinouts 
—40-Pin dual in line package 

—44-Pin chip carrier (leadless or plastic) 
Extended temperature ranges available: 
—Commercial: 0° C to 70° C 

—Industrial: -40° C to 85° C 

—Military**: -55° C to 125° C 


PIN CONFIGURATION 


Top View 


on e|W orn Od 
OSORIO Sexcaze 


** See 27HC1616 Military Data sheet DS60038 


Preliminary Information 


DESCRIPTION 


The Microchip Technology Inc. 27HC1616 is a CMOS 
256K bit (ultraviolet light) Erasable (electrically) Pro- 
grammable Read Only Memory. The device is organ- 
ized as 16K words of 16 bits each. Advanced CMOS 
technology allows bipolar speed with a significant reduc- 
tion in power. A low power option (L) allows further 
standby power reduction to 100uA. The 27HC1616 is 
configured in the JEDEC WordWide pinout which allows 
a two for one package savings over Bytewide memories 
along with a significant PC board savings. This very high 
speed single chip solution is ideal for 16/32 bit digital 
signal processors (DSP) or other sophisticated micro- 
processors. A complete family of packages is offered to 
provide the utmost flexibility. One Time Programming 
(OTP) is available for low cost (plastic) applications. 


BLOCK DIAGRAM 


Chip Enable/ 
Output Enable 
Control Logic 


Programming 
Logic Output Buffers | 


Y F 
[owe P| vee 


eee eet 


X _ 256K bit 
Decoder Cell Matrix 


> 


Address Buffers 


(ee) 


> 





© 1990 Microchip Technology Inc. 
DS11010B-1 





27HC1616 


PIN FUNCTION TABLE 


_ Address Inputs 





READ OPERATION 
DC Characteristics 


Parameter 

Input Voltages 
Input Leakage 
Output Voltages 
Output Leakage 
Input Capacitance 
Output Capacitance 


Power Suppy Current, 
Active 


- Power Supply Current, 


Standb 


Power Supply Current, 


Standb 
ipP Read Current 
VpP Read Voltage 





ELECTRICAL CHARACTERISTICS 
Maximum Ratings” 


Vcc and input voltages w.r.t. VSS........... -0.6V to +7.25V 
VPP voltage w.r.t. VSS during 












Sup nae PFOQFAMMING ....esssececsseeesseeecesseeeesseeee -0.6V to +14.0V 
Output Enable 

Program Enable Voltage on AQ W.r.t. VSS ou. cceeseeeseeeeee -0.6V to +13.5V 
Programming Voltage Output voltage wW.r.t. VSS we -0.6V to Vcc +1.0V 
Data Output Temperature under bias ............ cee -65°C to 125° C 
+5V Power Supply. Storage temperature ................. dearest -65°C to 150° C 
Ground ESD protection on alll pins .............:cccccsssseeceeeseneeees 2KV 


No Connection; No 


Internal Connection “Notice: Stresses above those listed under “Maximum Ratings” 


may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings 
of this specification is not implied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 


Vcc = +5V +10% 
Commercial: Tamb= 0° C to 70°C 
Industrial: Tamb= -40° C to 85° C 


Status Symbol| Min Units| Conditions 
7 : lat 
Logic "0" in -0.1 
Logic "1" VOH 
Logic "0" VOL 


U0 

ey) 

- 
* 


COUT 


TTL input Icc1 = 5.5V; = 
f = 2MHz; 
OE = CE =VIL 
lout = OmA; 
-Vit= -0.1 to 0.8 V; 
VIH= 2.0 to VCC; 
Ci 1 


feae oe pena | 


L, heat ieee! input Icc(s)2 inl aia 

FELT ==1— LE [ticeee 
- Read Mode IPP 100 A | VPP = 5.5V 

pS [cies [te [ror] vee [% [acme 


* Parts: S = Standard Power; L = Low Power; X = Industrial Temp Range; 
Notes: (1) AC Power component above 2MHz: 2mA/MHz. - 
(2) Vcc must be applied simultaneously or before VPP and be removed simultaneously — 
or after VPP. | 
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27HC1616 


READ OPERATION AC Testing Waveform: = ViH= 3.0 V and Vit= 0.0 V; VOH= VoL= 1.5 V 
AC Characteristics Output Load: 1 TTL Load + 30 pF 
Input Rise and Fall Times: 5 nsec 
Ambient Temperature: Commercial: Tamb= 0° Cto 70°C 
Industrial: §Tamb= -40°C to 85°C 


Parameter 


Output Hold from __ 
Address CE or OE, which- 
ever occurs first 


* Parts: S = Standard Power; L = Low Power 


READ WAVEFORMS 


Address <I Address valid > 


{OH 


V 
Output / | \WA\\_High Z 
0 ee . Ce Valid Output yy, g 


tACC 


tOFF(1,3) 


Notes: (1) torFis specified for OE or CE, whichever occurs first _ | 
(2) OE may be delayed up to tCE - toE after the falling edge of CE without impact on tcE 
(3) This parameter is sampled and is not 100% tested. , 
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PROGRAMMING Ambient Temperature: 25° C +5° C 7 
DC Characteristics For Vpp and Vcc Voltages refer to Programming Algorithms 


Parameter | | Status | Symbol | Min | Max | Units| Conditions 


“Logic "1" Vin | 2.0 | Vec+ 
_ Logic "0" VIL -0.1 0.8 
~ Output Voltages 


Logic "1" Vou | 2.4 
Logic "0" VOL 0.45 lo. = 8mA 
Vcc Current, program & verify : 


AQ Product Identification Pa 


Note: (1) Vcc must be applied simultaneously or before VPP and removed simultaneously or after VPP 


























Input Voltages } 







Input Leakage 





















PROGRAMMING AC Testing Waveform: ViH= 2.4V; Vit = 0.45V; VoH= 2.0V and Vol = 0.8V 
AC Characteristics Output Load: 1 TTL Load + 100 pF 

for Program, Program Verify Ambient Temperature: 25°C +t5°C a 

and Program Inhibit Modes For Vpp and Vcc Voltages, refer to Programming Algorithms 














Parameter Symbol | Min Max | Units 


Address Set-Up Time 


> 


Data Set-Up Time ft 


oO 
2) 


Data Hold Time 


Address Hold Time 





oS 
= 


S 
elle : 


Float Delay (3) 





Vcc Set-Up Time 


< 
a) 
7) 


1 ms typical 


130 
Program Pulse Width (1) 1.0 


ale 
n 


Program Pulse Width (1) 10 


o 
= 


ale 
= 


100 us typical 


> 
ro) 







Us 
CE Set-Up Time {CES us 






OE Set-Up Time 10ES 


n ” 


VpP Set-Up Time 


NJ 
© 
N 


N 


Overprogram Pulse Width (2) toPw : 


Notes: (1) For express algorithm, initial programming width tolerance is 100 usec +5%. For fast 
‘programming algorithm, initial program pulse width tolerance is 1 msec + 5%. we 
(2) For fast programming algorithm, the length of the overprogram pulse may vary from 2.85 to 78.75 msec 
as a function of the iteration counter value. pS, eon ae he es 
(3) This parameter is only sampled and not 100% tested: Output float is defined as the point where data 
is no longer driven (see timing diagram). | a oN . 


Data Valid from OE {OE 


= 
| 
Oo inv) N Nh 
ol 
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27HC1616 


PROGRAMMING 
Waveforms 


Program 


Address Address Stable 


Data In Stable 


12.5V/13.0V(2) 


5.0V 
6.0V/6.5V(2) 
5.0V 

VIH 

VIL 

VIH 

VIL 

VIH 


OE tOPW 
VIL 


Notes: (1) tOF and toe are characteristics of the device but must be accomodated by the programmer 
(2) Vcc = 6.0V +0.25V, VPP = VH = 12.5V +0.5V for fast programming algorithm 
Vcc = 6.5V +0.25V, VPP = VH = 13.0V +0.25V for express algorithm 





FUNCTIONAL DESCRIPTION 


The 27HC1616 has the following functional modes: 
—QOperation: The 27HC1616 can be activated for data 


read, be put in standby mode to lower its power | Dout 
consumption, or have the outputs disabled. Din 

\ Dout |. 

—Programming: To receive its permanent data, the Vi High Z 

27HC1616 must be programmed. Both a program . High Z 

and program/verify procedure is available. It can be - High Z 


Identity Code 





programmed with Fast or Express algorithm. - 


The programming equipment can automatically recog- 
nize the device type and manufacturer using the identity 
mode. 


X = Don't Care 
VH = 12.0 +0.5V 


For the general characteristics in these operation and 
programming modes, refer to the table. 


i en 
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27HC1616 


OPERATION 
Read Mode 


For timing and AC characteristics refer to the tables 
Read Waveforms and Read Operation AC Characteris- 
tics. 


The 27HC1616’s memory data is accessed when 


—the chip is enabled by setting the CE pinlow. —__ 
—the data is gated to the output pins by setting the OE 
pin low. 


For Read operations on the Low Power version, once 
the addresses are stable, the address access time 
(tacc) is equal to the delay from CE to output (tcE). A 
faster CE access time (tCE) is available on the standard 
part to provide the additional time for decoding the CE 
signal. Data is transferred to the output after a delay 
(toE) from the falling edge of OE. 


Standby Mode 


The standby mode is entered when the CE pin is high, 
and the program mode is not defined. When these 
conditions are met, the supply current will drop from 
90mA to 100A on the low power part, and to 50mA on 
the standard part. 


Output Disable 


This feature eliminates bus contention in multiple bus 
microprocessor systems. The outputs go to a high 
impedance when the OE pin is high, and the program 
mode is not defined. 


Programming/Verification 


The 27HC1616 has to be programmed, and afterward 
the programmed information verified. Before these 
operations, the Identity Code can be read to properly set 
up automated equipment. Multiple devices in parallel 
can be programmed using the programming and inhibit 
modes. | 


Programming Algorithms 


Two programming algorithms are available: fast pro- 
gramming and express. 


The fast programming algorithm is the industry standard 
programming mode that requires both initial programming 
pulses and overprogramming pulses. A flowchart of the 
algorithm is shown in Figure 1. 


The express algorithm has been developed to improve 
programming through-put times in a production environ- 
ment. Up to 10 pulses of 100usec each are applied until 
the byte is verified. No overprogramming is required. A 
flowchart of this algorithm is shown in Figure 2. 


The programming mode is entered when: 


a) Vcc is brought to the proper level 

b) VpP is brought to the proper VH level 
c) the OE pin is high 

d) the CE pin is low, and 

e) the PGM pin is pulsed low. 


Since the erase state is “1” in the array, programming of 
“O” is required. The address of the memory location to 
be programmed is set via pins AO - A13, and the data is 
presented to pins OO - O15. When data and address are 
stable, a low going pulse on the CE line programs that 
memory location. 


Verify 


After the array has been programmed, it must be verified 
to make sure that all the bits have been correctly 
programmed. This mode is entered when all of the 
following conditions are met: 


a) Vcc is at the proper level 

b) VppP is at the proper VH level 
c) the OE line is low 

d) the CE pin is low, and 

e) the PGM line is high. 


inhibit Mode 


When Programming multiple devices in parallel with 
different data only PGM needs to be under separate 
control to each device. By pulsing the PGM line low on 
a particular device, that device will be programmed, and 
all other devices with corresponding PGM or CE held 
high will not be programmed with the data although 
address and data are available on their input pins. 


Identity Mode 


In this mode specific data is read from the device that 
identifies the manufacturer as Microchip Technology, 
and the device type. This mode is entered when pin AQ 
is taken to VH (11.5V to 12.5V). The CE and OE pins 
must be at VIL. AO is used to access any of the two non- 
erasable bytes whose data appears on O0 - O7. 


| 7 4/3 /2 | 1 e 
| | : 


Manufacturer] ViL | 0 1) 071 ;0 /0 741 j29 
Device Type*} VIH | 1 0; 1;0 41 1141 {97 


*Code subject to change. | 
Note: 015 - O8 are 00 for the manufacturer and 
device type code. | 





Erasure 


~ Windowed products offer the ability to erase the memory 


array. The memory matrix is erased to the all “1”s state 
as a result of being exposed to ultra-violet light at 
wavelengths < 4000 Angstroms (A). The recommended 
procedure is to expose the erasure window of device to 
a commercial UV source emitting at 2537A with an 
intensity of 12,000uW/cm? at 1". The erasure time at that 
distance is about 15 to 20 min. 


Note: Fluorescent lights and sunlight emit rays at the 
specified wavelengths. The erasure time is about 3 
years or 1 week resp. in these cases. To prevent loss of 
data, an opaque label should be placed over the erasure | 
window. : 
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27HC1616 


PROGRAMMING - FIGURE 1 
EXPRESS ALGORITHM 


Conditions: 
Tamb = 25° C +5° C 


Vcc = 6.5 +0.25 V 
Vpp = 13.0 +0.25 V (start) 


ADDR = First Location 
Vcc =6.5V 


VPP = 13.0 V 





Program one 100 usec pulse 
Increment X 


Verify Pass 
Byte 


© 


Fail 


Yes / Device 
Failed 


‘ 


Last Yes 
Address? 


oy, 


No 


Increment Address 


Vcc = VpP = 4.5V, 5.5V 


Device \YeSs No Device 
Passed Failed 












All 
bytes 
= Original 
data? 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 











PART NUMBERS 
27HC1616 - 45 1/K 





Package: Cerdip DIP 
Ceramic Leadless Chip Carrier 
Plastic Leaded Chip Carrier 


Plastic DIP 


wTrAnw 


Temperature Blank 0°C to 70°C 








Range: I -40°C to 85°C 
Access Time: 45 45 nsec 

55 55 nsec 

70 70nsec 


Device 27HC1616 256K (16K x 16) High Speed CMOS EPROM 
27HC1616L 256K (16K x 16) High Speed Low Power CMOS 
EPROM 
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® 
Microchip 


27HC641 


64K (8K x 8) High Speed CMOS UV Erasable PROM 





FEATURES 


Bipolar Performance 

— 40ns Maximum Access Time 

CMOS Technology For Low Power Consumption 
— 80mA Active Current 

— 100uA Standby Current (Low Power Option) 
OTP (One Time Programming) Available 
Auto-Insertion-Compatible Plastic Packages 
Auto ID™ Aids Automated Programming 

Two Programming Algorithms Allow Improved 
Programming Times 

— Fast Programming 

— Express 

Organized 8K x 8: Bipolar PROM Pinouts 

— 24 Pin Dual in Line Package 

— 28 Pin Chip Carrier (Leadless or Plastic) 
Available for Extended Temperature Ranges: 
— Commercial: 0° C to 70° C 

— Industrial: -40° C to 85° C 

— Military**: -55° C to 125° C 


PIN CONFIGURATION 
Top View 


EEN 1, Oo 8, 
ey ees ae 


+ 1p 1400 
Cletus 


i] 
cu! 


_,@Pin 1 indicator on PLCC on top of package 


**See 27HC641 Military Data Sheet DS60007A 





Preliminary Information 











DESCRIPTION 


The Microchip Technology Inc 27HC6411 is a CMOS 64K 
bit ultraviolet light Erasable (electrically) Programmable 
Read Only Memory. The device is organized as 8K 
words by 8 bits (8K bytes). An advanced CMOS design 
allows bipolar speed with a significant reduction in 
power over bipolar PROMs. A low power option (L) 
allows further standby power reduction to 100uA. The 
27HC641 is configured in a standard 64K bipolar PROM 
pinout, which allows an easy upgrade for PROM sock- 
ets. This very high speed device allows digital signal 
processors (DSP) or other sophisticated microproces- 
sors to run at full speed without the need for WAIT states. 
CMOS design and processing enables this part to be 
used in systems where reduced power consumption and 
reliability are requirements. 


A complete family of packages is offered to provide the 
utmost flexibility in applications. Skinny Cerdip (300 mil) 
and Skinny Plastic are available. One Time Program- 


ming (OTP) is available for low cost (plastic) applica- 
tions. 


BLOCK DIAGRAM 


Chip Enable 
~ Control Logic 
Programming 


> 


Y fi 
[ote [ve 


leer eed 


64K bit 
Decoder Cell Matrix 


Address Buffers 


> 
i) 
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27HC641 





















Address Inputs 
Chip Enable/Vep Pin 
Data Output 
~ +5V Power Supply 
Ground 
No Connection; No 
Internal Connection 
Not Used; No External 
Connection Is Allowed 













READ OPERATION 
DC Characteristics 


— Input Voltages 


Input Leakage 


eo 
[eerie 
ca 


Output Leakage 
Input Capacitance 
S,L 
SX,LX 
Power Supply Current, 
Standby SX 


Output Capacitance 

sx | 
Power Supply Current, | L = | TTL input 
Standby LX TTL input 

-L, LX | CMOS input 































Power Suppy Current, 
Active 









industrial temperature range part. 


PIN FUNCTION TABLE 


ae ‘ ae 7 
Logic "0" VIL -0.1 | 08 

Logic "1" — VOH 2.4 V lOH = - 4mA 
Logic "0" VOL 0.45 V joL = 16mA 






Icc(s)2 2 mA 
3 mA 
100 =|pA 


—*Parts: | S-=Standard Power; L = Low Power; X = Industrial Temp Range; 
Notes: (1) AC Power component above 2 MHz: 3mA/MHz for standard part; 5 mA/MHz for 


ELECTRICAL CHARACTERISTICS 
Maximum Ratings* | 


Vcc and input voltages 


WEEN S6 annie tial ee -0.6V to + 7.25V 
CE/Vpp voltage w.r.t. Vss during 

PFOQTAMIMING........cssssssssssscesessssssssecsessesunnene -0.6V to + 14V 
Voltage on AQ w.r.t. VSS... eee -0.6V to +13.5V 
Output voltage W.r.t. VSS... eee -0.6V toVcc+1.0V 
Storage temperature... ccccoosccnenn -65° C to 150° C 
Ambient temperature with | 

DOWEF APPli@d nn eeeeeseecseesssseeesneeee -65° C to 125° C 
ESD protection On alll PINS... ec sssssseesstseeceeneeneeeee 2KV 


*Notice: Stresses above those listed under “Maximum Ratings” 
may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at those or any 
other conditions above those indicated in the operation listings 
of this specification is notimplied. Exposure to maximum rating 
conditions for extended periods may affect device reliability. 





Vcc = +5V +10% 
Commercial: Tamb= 0°C to 70°C 
Industrial: = Tamb= -40° C to 85°C 











Vout = OV to Vcc | 


VIN = OV; Tamb = 25°C; 
= 1MHz 

VouT= 0V;Tamb = 25°C; 

f=i1MHZ 

Vcc = 5.5V; CE/VpP = VIL 

f = 2MHz; 

| lout = OmA; 

VIL= -0.1V to 0.8 V; 

VIH= 2.0V to Vcc; 

Note 1/ 


CE/Vpp = Vcc +0.2V 
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READ OPERATION AC Testing Waveform: ViH= 3.0V and ViL=0.0V; VoH= VoL = 1.5V 


AC Characteristics Output Load: 1 TTL Load + 30 pF 
Input Rise and Fall Times: 5 nsec 


Ambient Temperature: Commercial: Tamb= 0° Cto 70°C 
Industrial: |§ Tamb= -40°C to 85°C 


Parameter Part") Sym} 27HC641-40*} 27HC641-45 | 27HC641-55 | 27HC641-70 | Units | Conditions 


Address to Output Delay at 
L 
S 


CE/Ver to Output Delay i 
CE/Vpr to O/P High 
Impedance 


{CE1 
{tCE2 


Output Hold from 
Address or CE/Vpp, which- 
ever goes first 


* Parts: S = Standard Power; L = Low Power 
** 27HC641-40 is only available in commercial temperature range 


READ WAVEFORMS 


Address <a Address Valid i 


CE/Vpp 


tOH 


Output | 
00: 07 Lee Valid Output yy) pig 


Note: (1) This parameter is sampled and is not 100% tested. 
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PROGRAMMING Ambient Temperature: Tamb = 25° C +5° C 
DC Characteristics For CE/Vpp and Vcc Voltages refer to Programming Algorithms 


Parameter 


Logic "1" 
Logic "0" 


Output Voltages Logic i bs 
during verification Logic "0" 


Vcc Current, 
program & verify 


Vpp Current, 
program 





PROGRAMMING AC Testing Waveform: VIH= 2.4 V and ViL= 0.45 V; VOH= 2.0 V; VOL=0.8 V 
AC Characteristics Output Load: 1 TTL Load + 100 pF 

for Program, Program Verify Ambient Temperature: Tamb = 25° C +5° C 

and Program Inhibit Modes For CE/Vpp and Vcc Voltages, refer to Programming Algorithms 


Parameter Symbol Remarks 
Adress Set-Up Time re 





ae io) 
wn n ie) n ” 


[ of 


Data Set-Up Time 

Data Hold Time 
Address Hold Time 
: 


Float Delay (3) 


Vcc Set-Up Time 


Program Pulse Width (1) 0.95 | 1. 


(o) 
ol 


ms 1 ms typical 


Program Pulse Width (1) 105 Us 100 us typical 


Overprogram Pulse Width (2) 2.85 | 78.75 ms ae 


Notes: (1) For Express algorithm, initial programming width tolerance is 100 usec +5%. For fast 
programming algorithm, initial program pulse width tolerance is 1 msec + 5%. : 
(2) For fast programming algorithm, the length of the overprogram pulse may vary from 2.85 to 78.75 msec 
as a function of the iteration counter value. 
(3) This parameter is only sampled and not 100% tested. Output float is defined as the point where data ~ 
is no longer driven (see timing diagram). 


—_—h 
Oo 
oO 
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PROGRAMMING 
Waveforms 


Program 


Address 4 Address Stable 


tAS 
High Z 
4 Data In Stable » 4 
tDF 
(1) 
6.0V/6.5V(2) 


\7 


S 
<— 
TT -* 


5.0V 
VH 12.5V/13.0V(2) 
CE/Vpp VIH {CE 
tPW 


VIL 
tOPW 


Notes: (1) toF is a characteristics of the device but must be accomodated by the programmer 
(2) Vcc = 6.0V +0.25V, CE/Vpp = VH=12.5V +0.5V for fast programming algorithm 
Vcc = 6.5V +0.25V, CE/VPP = VH=13.0V +0.25V Express programming algorithm 





MODES Read Mode 


(See Timing Diagrams and AC Characteristics) 


Read/Program Verif 
g y Read Mode is accessed when 


Program 
Standby/Program Inhibit High Z 
Identify Identity Code 


the CE/Ver pin is low to power up (enable) the 
chip 





X = Don't Care 
For Read operations on the low powered version, if the 
addresses are stable, the address access time (tACC) is 
equal to the delay from CE/Vpp to output (tcE). A faster 
CE/Vpp access time (tce) is available on the standard 
part to provide the additional time for decoding for the 
CE/VerP signal. 
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Standby Mode 


The standby mode is defined when the CE/Vpr pinis high 
(VIH). 


When this condition is met, the supply current will drop 
from 80mA to 100A on the low power part and to 40mA 
on the standard part. 


Erase Mode 


Windowed products offer the ability to erase the memory 
array. The memory matrix is erased to the all “1”’s state 
as a result of being exposed to ultraviolet light. To 
ensure complete erasure, a dose of 15 watt-second/cm? 
is required. This means that the device window must be 
placed within one inch and directly underneath an ultra- 
violet lamp with a wavelength of 2537 Angstroms, inten- 
sity of 12,000UW/cm? for 20 minutes. 


Programming Mode 


Two programming algorithms are available. The fast 
programming algorithm is the industry-standard pro- 
gramming mode that requires both initial programming 
pulses and overprogramming pulses. A flowchart of the 
fast programming algorithm is shown in Figure 1. 


The Express algorithm has been developed to improve 
on the programming throughput times in a production 
environment. Up to 10 100-microsecond pulses are 
applied until the byte is verified. No overprogramming is 
required. A flowchart of the Express algorithm is shown 
in Figure 2. 


The CE/Vpr is a multifunction pin that controls the 
programming of the 27HC641. 


Programming takes place when: 


a) Vcc is brought to proper voltage, 
b) the CE /VPP pin is pulsed at the proper VH level. 


Since the erased state is “1” in the array, programming 
of “O” is required. The address to be programmed is set 
via pins AO - A12 and the data to be programmed is 
presented to pins OO - O7. When data and address are 
stable, a high voltage pulse (VH) on the CE/Vep line 
programs that location. 


Verify 


After the array has been programmed it must be verified 
to ensure all the bits have been correctly programmed. 
This mode is entered when all the following conditions 
are met: 


a) Vcc is at the proper level, 
b) the CE/VPP line is low. 


Inhibit 


When programming multiple devices in parallel with 
different data, only CE/VpP needs to be under separate 
control to each device. By pulsing the CE/Ver line to a 
VH on a particular device, that device will be pro- 
grammed; all other devices with CE/Vpp held high (VIH) 
will not be programmed with the data, although address 
and data will be available on their input pins (i.e., when 
a level (VIH) is present on CE/Vrp) and the device is 
inhibited from programming. 


Identity Mode 


In this mode specific data is output which identifies the 
manufacturer as Microchip Technology Inc., and the 
device type. This mode is entered when Pin AQ is taken 
to VH (11.5V - 12.5V). 


The CE/Vpr line mustbe at VIL. AO is used to access any 
of the two non-erasable bytes whose data appears on 
O00 through O7. 





ianiacluee. vie 
Device Type | VIH 


* Code subject to change. 
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27HC641 


PROGRAMMING - FIGURE 1 
EXPRESS ALGORITHM 


Conditions: 
Tamb = 25° C +5° C 


Vcc = 6.5 +0.25 V 
VpP = 13.0 +0.25 V (Start) 


ADDR = First Location 
Vec=6.5V 


VpP = 13.0 V 










Program one 100 psec pulse 
Increment X 


Verify 
Byte 





Pass 





Device 
Failed 









Increment Address 
Vcc = VPP =4.5V,5.5V 


All 
bytes 
= Original 
data? 














© 1990 Microchip Technology Inc. 3-63 DS11115D-7 














27HC641 


SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. | , 


PART NUMBERS 


27HC641 - 45 1/K 


Package: Cerdip DIP 
Ceramic Leadless Chip Carrier 
‘Plastic Leaded Chip Carrier (OTP Available) 
Plastic DIP (OTP Available) 
SKINNY CERDIP 
SKINNY PLASTIC (OTP Available) 


Temperature 0° C to 70°C 
Range: 7 -40° C to 85° C 


Access Time: 40 nsec 
55 nsec 

55 nsec 

70 nsec 


_ Device: 27HC641 ~=64K (8K x 8) High Speed CMOS EPROM © 
27HC641L 64K (8K x 8) High Speed Low Power CMOS 
EPROM 
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27Cxxx EPROM FAMILY 
PROGRAMMING ALGORITHM 


Microchip Technology Inc supports three programming algorithms for its CMOS EPROM 
Family. The selection of an algorithm is an important consideration and will impact the 
programming time, programming yield and programming margins of the EPROM. 


Fast Programming Algorithm | | | 


This is the old industry standard programming algorithm with up to 25 1-msec 
programming pulses and a three times overprogramming pulse. It is a very stable algorithm 
to use, with its major draw back being an increase in throughput time especially at the 
larger densities. 


Rapid Pulse Programming Algorithm 


The Rapid Pulse algorithm provides an alternative to the Fast algorithm. The slight 
increase in Vcc and VpP during programming allows the use of a narrower 100 usec 
programming pulse and the removal of the overprogramming pulse associated with the 
Fast Programming. This translates into a decrease in programming times of nearly 40 to 1 


_and an increase in throughput of nearly 10 to 1. (Throughput is heavily influenced by the 


machine cycle time of the programmer during the pre-programming blank check, and the 
post-programming verification. It also varies from programmer to programmer.) . 


Express Programming Algorithm 






©1990 Microchip Technology Inc. | 


The Express algorithm is an improvement on the Rapid Pulse algorithm. While it exhibits 
the same excellent throughput as the Rapid Pulse algorithm, its advantage lies in the 
additional increase in VPP and Vcc applied during programming. The higher VPP and Vcc 
voltages provide additional charge to the floating gate during programming. After each 
programming pulse, the cell is verified against Vcc (6.5 Volts for Express, 6.25 volts for 
Rapid Pulse). This verification step with a higher VCC ensures improvement in 
programming margins over the Rapid Pulse algorithm. 
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EPROM PROGRAMMING ALGORITHM 


Algorithm Selection 


The optimization of programmer throughput is a concern 
to all EPROM users in a production environment. A major 
contributor to increasing throughput is shorter 
programming times. The Express algorithm has been 
developed to minimize programming times. In addition, 
sufficient programming margins must be developed to 
insure EPROM functionality over the full range of voltage 
and temperature variations. The higher Vcc and Vpp 
voltages generate this increased margin and provide 
additional guardband against the effects of aging 
hardware. 


Programming Times (sec) 





Note: Actual throughput time depends on the machine cycle 
time of the programmer during pre-programming blank 
check, and the post-programming verification. 


Microchip Programming Algorithm 
Recommendations auf | 


Microchip recommends that the Express algorithm be 
used on all commercial/industrial EPROMs (when 
available). 


The Fast Programming algorithm should be your second 


choice for the 64K and the 128K EPROMs, with. Rapid © 


Pulse being the second choice for the 256K and 512K 
EPROMs. The remaining algorithm should be your third 


choice. This recommendation is based on the. 


maximization of programmer throughput and cell 


margins. At the smaller density (when Express is not 


available) the increased margins supplied by the Fast 
Programming far outweigh the small increase in 


throughput of Rapid Pulse. As you increase density, — 


programming throughput becomes the dominant criteria. 


Data I/O Family Code and Pin-Outs* 


Device Size _ Express 
27064. BAK | 115/033 
270128 128K | rs 115/051 
270256 256K | 93/32 | 115/032 
270512 512K : 116/0A4 
* DIP Packages “= So 














DS11138A 


3-66. 


_ PROGRAMMING ALGORITHM | 
| ~ Fast Algorithm 











Conditions: 
Tamb = 25° C +5° C 


Vcc = 6.0 +0.25V 
Vpp = 12.5 +0.5V (start ) 


ADDR = First Location 
Vcc = 6.0V 
Vpp = 12.5V 






Program one 1 msec pulse 


Increment X 
Verify Pass 
Byte 
Yes / Device 
Failed 


Program one pulse of = 
3X msec duration 


Last 
Address? 


No 
Increment Address 
Vcc = VPP = 4.5V, 5.5V 























/ Al’ | 
Device \ Y°S 7 bytes \\NO -Device 
Passed = original Failed 


data? 
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PROGRAMMING ALGORITHM 
Rapid Pulse 


Conditions: 

Tamb = 25° C +5° C 
Vcc = 6.25 +0.25V 
VPP = 12.75 +0.25V 


ADDR = First Location 
Vcc = 6.25V 
VPP = 12.75V 


X=0 
Program one 100usec pulse 
Increment X 


Verify Pass 
Byte 


Yes f Device 
Failed 


Last Yes 
Address? 


No 


Increment Address 
Vcc = VPP = 4.5V, 5.5V 


All 


Device \ Yes / bytes \ No/“Device 
Passed = original Failed 


data? 
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PROGRAMMING ALGORITHM 
Express 


Conditions: 

Tamb = 25°C +5°C 
Voc = 6.5 +0.25V 
VpP = 13.0 +0.25V 


ADDR = First Location 
Vcc = 6.5V 
VPP = 13.0V 


Program one 100 usec pulse 
Increment X 


Verify Pass 
Byte 


Last 
Address? 


Increment Address 


Voc = VppP = 4.5V, 5.5V 
All 


Device \ Yes / bytes \ No/“ Device 
Passed = original Failed 


data? 
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NOTES: 
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SECTION 4 
MICROCONTROLLER 
PRODUCT SPECIFICATIONS 


PIC PIC 16xxx Series Microcontroller Family ............::ccecssssecessscccesstessesceeeesseeeceessneneeeegs 4- 1 
PIC16C5X EPROM-Based 8-Bit CMOS Microcontroller Series ...............::000c0s008 UeviastsneN asules Gite 4- 5 
PIC1654S B= Bit MICKOCOMIONG iiss cence iesves atin oe edad nace stile iadicetese cael Gea eat ianaed 4- 35 
PIC1655 SiBit MICTOCON MONG isc cca sin th sasetuay seoetnd re aunts oands caduaeaecetal cguctacedvcnuntdtaidncssanete ieee 4- 51 
PIC1670 S Bit: MICTOCOMEONGN ico siesss ccaecicaseusdsctacatcles teins Vadssuntak a cavcsh deta Sida wdauesacotadeeawoitiedectunmesstians 4- 67 
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Pe oe PIC® 16xxx SERIES 


PIC 16xxx Series Microcontroller Family 








THE PIC FAMILY 
A History of Innovation and Success 


Microchip's history of innovation and its strong commit- 
ment to develop and market leading edge products, is 
best exemplified by its popular 8-Bit Microcontroller 
families. Microchip is the first semiconductor company 
to introduce RISC-like features and offer the time saving 
flexibility of one-time-programmable (OTP) EPROM 8- 
Bit MCUs. These new design concepts and the integra- 
tion of advanced CMOS EPROM technology overcomes 
three major user barriers, namely: efficiency/perform- 
ance; time to market; and affordability. The benefits of 
PIC® microcontroller technology are being shared by 
hundreds of customers worldwide with over 80 million 
CMOS and NMOS PIC microcontrollers in use. 


PIC® is a registered trademark of Microchip 
Technology Inc. 


FEATURES 


PIC EPROM Technol 


PIC's OTP EPROM technology offers a low cost alterna- 
tive to using competitive ROM based devices for high 
volume production. EPROM technology also offers 
several important cost saving advantages namely: 





Time-To-Market: Since the financial success of a 
productis often determined by its time-to-market, through 
user programmability PIC offers an immediate solution 
to lengthy market entry delays. Our off-the shelf prod- 
ucts eliminate the 10-18 week lead times experienced 
with conventional ROM based MCU suppliers. 


EPROM Flexibility: Means decisions to change codes 
"on-the-fly" while in development or in mid-production 
no longer carry a financial or time penalty in the event of 
error. System performance enhancements which may 
be critical to market success can now be achieved 
quickly, effortlessly and cost effectively. Another dem- 
onstration of EPROM flexibility is the ability to perform in- 
circuit-programming. This allows for product variants to 
be developed cost effectively. Participation in high profit 
custom business becomes economically feasible with 
OTP PICs. | | 


Off-The-Shelf: EPROM technology benefits the user by 
eliminating the need for substantial inventories and 
limits exposure to product obsolescence; typical of ROM 
devices. OTP parts also ensure an immediate supply 
from. a variety of worldwide stocking locations. High 
volume quick-turn-production (QTP) programming serv- 
ices are also available from Microchip for customers who 
chose not to perform high volume programming them- 
selves. 


PIC's RISC Architectur 


PIC's RISC Architecture sets a new standard in perform- 
ance in the 8-Bit MCU marketplace. The highly efficient 
and powerful instruction set which supports this archi- 
tecture requires only 33 single cycle instructions to learn 
versus 60 to 110 multi-byte instructions common to 
competitive CISC MCU architectures. Benchmarks 
have demonstrated that the efficiency of this instruction 
set provides the user with up to a 2:1 code compaction 
advantage over competitive products. It has also 
been demonstrated that this level of efficiency can also 
reduce code development time by up to 30 percent. 
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_ The PIC's single cycle instructions and RISC architec- 
ture facilitates up to five million instructions per second 


execution throughput. This provides the designer with . 


up toa 5:1 speed advantage over competitive products. 
This advanced rate of code execution rivals many 16-Bit 


MCU designs and opens new real-time, high perform- - 


ance application opportunities. Also, memory ineffi- 
cient, engineering intensive and inaccurate look-up tables 


can now be replaced with PIC's high level algorithmic - 


processing speed. Applications such as efficient motor 
control, high speed I/O and high speed data bit stream 
manipulation now becomes a reality in the 8-Bit domain. 


A new design concept of user definable oscillators 
allows the chip to execute instructions in four speed 
ranges from DC to 200ns. 


PIC's C . n- 


The PIC employs a fully static CMOS design allowing for 
reliable low power operation. PIC incorporates on-chip 
POR and Watchdog Timer circuitry thus etminating 
expensive off-chip support components. 


Bit manipulation is one of PIC's strongest suits. The 
designer can now utilize very powerful bit manipulation 
instructions capable of setting, clearing and testing any 
bit in any register (including I/O registers) in one instruc- 
tion cycle. This allows the PIC to efficiently interface to 
external circuitry and be used as a powerful I/O control- 
ler. The I/O is software definable bi-directional. Under 
software control, each pin of a port can be individually 


PIC FAMILY PRODUCT GUIDE 















PIC16C54 

PIC16C55 
PIC16C56 
PIC16C57 — 


Low-Cost NI Vlicrocontro! 


92 x8 12x12 
PIC1655 (32x8} 512x 12 
PIC1670 ' . 64x 8| 1024x 13 


PICT 6548 
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512x 12 
512 x 12 
1024 x 12 
2048 x 12 
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time multiplexed between input and output or can be 
programmed into a high impedance state thus : support- 


ing multi-chip common bus configurations. | 
The PIC's small die size and Microchip's advanced 


CMOS technology support a wide performance range 
but also allow low operating and standby current. These 
low currents will make long-life battery dependent proj- 
ects possible. 


PIC's Small Packaging | 
Microchip has also engineered the world's smallest 8-bit 


microcontroller package. For highly integrated designs, 
300 mil. wide 18 pin PDIP,.SOIC and PLCC surface 


mount packages are available. Tape and reel packag- 


ing is also offered for automatic high speed surface 
mount placement. — | | 


The PIC16C5X family is currently available in commer- 


cial and industrial temperatures. There are plans to offer 
this family in automotive and military temperatures. __ 


Future CMOS PIC generations will provide a family of 
products with embedded analog capabilities, additional 
/O, sophisticated timers, increased memory and indus- 


try leading CPU power. The capability to address off- 
chip extended RAM/EPROM memory and inter-chip 


communication is currently under Gevelopiment, 


where performance and power efficiency is prime con- _ 
sideration. 














25kHz-20MHz 
| 25kH2-20MHz 
25kHz-20MHz 
25kHz-20MHz 


for highly cost sensitive applications where the superior 
performance of the PIC16C5X series is not required. 
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PC-HOSTED SYSTEMS SIMPLIFY 
SOFTWARE DEVELOPMENT 


Two advanced PC-hosted systems, the PIC-ICE™ and 
PIC PAK™ , are available to help users develop applica- 
tions software and program PIC16C5X devices quickly 
and easily. Both operate with IBM PC, XT, AT, or 
compatibles. 


PIC-ICE 


The PIC-ICE system provides low-cost in-circuit emula- 
tion and debugging and includes an 18-pin and 28-pin 
EPROM PIC programmer. This low profile module has 
a handy carrying case and comes with an external power 
supply, ribbon cabling, cross assembler, PIC16C5X 
EPROM product samples and a users manual. Key 
features include a DC to 20MHz operating range, a built- 
in disassembler, breakpoints and a symbolic debugger. 


PIC PAK 


The PIC PAK (PIC Applications Kit) is a powerful yet low- 
cost software development tool that combines assem- 
bler and simulator software to compile, execute, debug 
and analyze microcode in a non-real time environment. 
An EPROM PIC programmer (PIC PRO) and PIC16C5X 
EPROM product samples are included for code verifica- 
tion. 


PICALC Cross Assembler 


The PIC Cross Assembler PICALC is available for 
several host computer platforms, including IBM PC. 
Macro assembly and conditional assembly are just a few 
of the capabilities of PICALC. Besides the PIC16C5x 
and PIC167x family members. PICALC can generate 


various object code formats to support Microchip's pro- _ 


prietary development tools as well as third party sys- 
tems. 


PICSIM Software Simulator 


The software simulator PICSIM allows PIC16C5x code 
development on IBM PCs without any additional hard- 
ware. It simulates the PIC16C5x series on instruction 


level. Software trace, break-points, symbolic debug- | 


ging, and stimulus file generation are just a few of the 
features available. PICSIM is particularly useful in the 
early development stages of an application, or when 
real-time and/or in-circuit emulation are not necessary 
for the code development. 


PICPRO EPROM Programmer 


PICPRO is a low volume EPROM programmer for the 
PIC16C5x series. It allows downloading and program- 
ming of PIC object code generated with PICALC from 
any host computer system providing a serial interface 
(RS232). 





QUALITY FROM THE TOP DOWN 
AND THE BOTTOM UP 


Microchip's sole ownership of its facilities ensures our 
quality control standards remain consistent throughout 
all manufacturing steps. Continuous improvement pro- 
grams are active at every operations level. Equipment 
for simulation, product testing and failure analysis is 
constantly updated to the most current levels of sophis- 
tication. Our customer support reaches out to the point 
when a customer ships his product. 


To ensure product quality, Microchip conducts acceler- 
ated mechanical tests, temperature tests and memory 
retention tests to explore the many ways failures might 
occur. Stresses carefully applied over time, guarantee 
the effective operation of Microchip products. Compre- 
hensive 1,000-hour qualification tests such as high 
temperature reverse bias, high temperature retention 
bake, latchup tests and operating life provide precise 
quality and reliability data. An electrostatic discharge 
sensitivity test is also conducted in accordance with MIL- 
STD 883-C, method 5005. 


Microchip PIC microcontrollers have demonstrated their 
reliability in several demanding applications such as 
high noise, high temperature under-hood automotive 
applications, NASA space shuttle missions and missile 
safe-arm fuse control. 


CMOS PIC16C5X MICROCONTROLLER 
RELIABILITY DATA 
(Failures/Sample Size) 


TEST: 125°C DYNAMIC LIFE 
o4HR, © 168HR. © SOOHR. «= 1000HR.~—OséFts 


4/2344 5/2340 © 0/2331 1/2331 117 Fits 


TEST: 150°C HIGH TEMPERATURE REVERSE BIAS 


0/162 0/162 0/162 0/162 16 Fits 


TEST: 150°C RETENTION EPROM BAKE 


0/1710 = =1/1710 1/1709 3/1708 31 Fits 


Failure analysis available upon request. 


rn A A A 
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EXACTING SOLUTIONS FOR DEMANDING APPLICATIONG..... 


Smallest Packaging 


For highly integrated insertion or surface mount mod- 
ules, Microchip produces the smallest microcontroller 
devices in the world. An 18 pin DIP, SOIC or PLCC 
package makes space limited applications a design 
reality, such as: 


¢« Handheld devices 

«Automotive modules 
¢ Small PC peripherals 
¢ Consumer products 


For even further integration, PIC's in dice form will also 
be available for Hybrid or COB packaging. 


Fastest eratin Speed 


For "High Performance" applications, the PIC's 5 million 
instruction per second architecture offers a very unique 
solution. With PIC, system designers are now able to 
replace inaccurate predetermined look-up table values 
with high precision, real time, algorithmic processing. 


PIC can solve several real-time problems often found in 
designs of: 


¢ Disk Drives 

* Pointing Devices/Scanners 
¢ Motor/Compressor Controls 
e {/O Processors 

« "Glue" Logic Replacement 


Lowest Power Consumption 


The PIC16C5X families possess one of the lowest 
standby and operating currents in the industry, opening 
new design opportunities for battery, solar and emote 
powered applications, such as 


* Cordless Telephones 

¢ Mobile Telephones 

¢« Automobile Electronic Locks 

* Secure Access Remote Control 
* Consumer Remote Controls 

« Remote Smart Sensors 

* Cordless Radar Detectors 


A GLOBAL COMMITMENT TO 


CUSTOMER SUPPORT 


Microchip's commitment to microcontroller breakthrough 
technology is superseded only by our attention to cus- 
tomer support. Through a worldwide network of manu- 
facturing facilities, sales offices and field apriiestions 
support, Microchip delivers total customer service 
worldwide. 
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EPROM-Based 8-Bit CMOS Microcontroller Series 





FEATURES 


Low power, high speed CMOS EPROM technology 
Wide variety of EPROM and RAM sizes, oscillator 
types, frequency ranges and I/O configurations 
Fully static chip design 

Operating Frequency Range: 

— DC- 8 MHz (20 MHz future release) 

¢ Operating voltage range: 


512 to 2048 words of 12-bit program EPROM 

32 to 80 words of 8-bit data RAM 

Only 33 single 12-bit-word instructions to learn 

8 bit ALU 

12 or 20 bidirectional tristate I/O's 

2 level stack for subroutine nesting 

Direct, indirect, immediate, and relative addressing 


e 
ee eeee @ @ 


— Standard: 4.0V to 5.5V modes for data and instructions 
¢ Low power consumption: ¢ 8 bit real time clock/counter (RTCC) with selectable 
—- <2mA (4Mhz, 5V, XTAL oscillator) signal source and trigger edge 
—- <10,A standby ¢ Free running on-chip watchdog timer 
¢ Available in temp ranges: . ¢ 8 bit prescaler, assignable to RTCC or watchdog 
— Commercial = 0°C to + 70°C | | timer 
- Industrial =-40°C to + 85°C | ¢ Oscillator start up timer 
¢ Wide selection of 18 and 28 lead packaging ¢ Security EPROM fuse for code protection 
options: PDIP, SOIC, PLCC, or CERDIP Window ¢ QTP (factory programming) available 





FIGURE 1: PIN CONFIGURATIONS 


PDIP, SOIC | PDIP, SOIC 
- CERDIP Window . CERDIP Window 


MCLR <— 
OSC1 <— 
RA1 OSC2/CLKOUT —> 
RAO <> RC7 <> 
OSC1<— . RC6 <> 


OSC2/CLKOUT —» iy a 
VpDe— 


RC3 «> 
RB7 <> 9 20 RC2 


RB6 <> RC1 <> 
RB5 <> RCO <> 
RB4 <> RB7 <> 
RB6 <> 
RB5 <> 





N/C 


N/C [] 21 
PIC16C54 PIC16C55 


Voo ( 22 
N/C qc 23 
N/C (24 
osc2 Of 25 


PIC16C56 : PIC16C57 
7 


26 27 28 1 
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PIC*t 6C5x Series 


GENERAL DESCRIPTION 


The Microchip Technology PIC16C5x series is based on 
the proven architecture of the PIC165x NMOS 8-bit 


microcontroller family. Using Microchip's low-power, . 


high-speed CMOS EPROM technology, the PIC16C5x 
offers additional features like on-chip watchdog timer, 
tristate /O, power-down mode, and several prescaler 
options. 

The advantages of the user programmable CMOS 
EPROM technology allow extremely flexible applica- 
tions, as well as reduced development costs and turn- 
around time compared to mask programmable ROM 
versions. - 2 


APPLICATIONS 


The PIC16C5x series fits perfectly for applications from 
high speed automotive and appliance motor control to 
low-power remote transmitters/receivers, pointing de- 
vices, and telecom processors. The EPROM technology 
allows customizing of application programs (transmitter 
codes, motor speeds, receiver frequencies, etc.) ex- 
tremely fast and convenient. The small footprint pack- 
ages for through hole or surface mounting make this 
microcontroller series perfect for all applications with 
space limitations. Low cost, high performance, ease of 
use, and I/O flexibility make the PIC16C5x series very 
versatile even in areas where no microcontroller use has 
been considered before (e.g. timer functions, replace- 


ment of “glue” logic in larger systems, co-processor 


applications). 


PIN FUNCTION TABLE 


Function 


RAO - RA3 © 
RBO-RB7 — VO PORT B © 

RCO - RC7 /O PORT C 

RTCC Real Time Clock/Counter 
MCLR | Master Clear 

OSC1 Oscillator (input) 
OSC2/CLKOUT Oscillator (output) — 

VppD | Power supply 

Vss. Ground | 

N/C No (internal) Connection 


VO PORT A 





ARCHITECTURAL DESCRIPTION - 
HARVARD ARCHITECTURE : 
The PIC16C5x single-chip microcomputers are low- 


power, high-speed, full static CMOS devices containing 


EPROM, RAM, I/O, and a central processing unit on a 


‘Single chip. 


The firmware architecture is based on a register file 
concept with separate bus and memories for data and 
instructions (Harvard architecture). The data bus and 
memory (RAM) are 8 bits wide while the program bus 
and program memory (EPROM) have a width of 12 bits. 
This concept allows a simple yet powerful instruction set 
designed to emphasize bit, byte and register operations 
under high speed with overlapping instruction fetch and 
execution cycles. That means that, while one instruction 
is executed, the following instruction is already being 
read from the program memory. A block diagram of the 
PIC16C5x series is given in Figure 2. 


DATA REGISTER FILE 


The 8 bit data bus connects two basic functional ele- 
ments together: the Register File composed of up to 80 
addressable 8 bit registers including the I/O Ports, and 
an 8 bit wide Arithmetic Logic Unit. 32 bytes of RAM are 
directly addressable while a "banking" scheme, with 
banks of 16 bytes each, is employed to address larger 
data memories (Figure 3). Data can be addressed | 
direct, or indirect using the file select register (f4).. 
Immediate data addressing is supported by special 

"literal" instructions which load data from program 

memory into the W register. 

The register file is divided into two functional groups: 

operational registers and general purpose registers. 

The operational registers include the Real Time Clock 

Counter (RTCC) register, the Program Counter (PC), 

the Status Register, the I/O registers (PORTs), and the: 
File Select Register. The general purpose registers are 

used for data and control information under command of 
the instructions. | 
in addition, special purpose registers are used to control 

the I/O port configuration, and the prescaler options. 
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ARCHITECTURAL DESCRIPTION (CONT.) 
ARITHMETIC/LOGIC UNIT (ALU) 


The 8 bit wide ALU contains one temporary working 
register (W Register) and gating to perform Boolean 
functions between data held in the W Register and any 
file register. 


FIGURE 2: PIC16C5x SERIES BLOCK DIAGRAM 


EPROM ; a’ STACK 1 
512X12TO STACK 2 
2048 X 12 


INSTRUCTION 
REGISTER 


PIC®16C5x Series 


PROGRAM MEMORY 


Up to 512 words of 12 bit wide on-chip program memory 
(EPROM) can be directly addressed. Larger program 
memories can be addressed by selecting one of up to 
four available pages with 512 words each (Figure 4). 
Sequencing of microinstructions is controlled via the 
Program Counter (PC) which automatically increments 
to execute in-line programs. Program control opera- 
tions, supporting direct, indirect, relative addressing 
modes, can be performed by Bit Test and Skip instruc- 
tions, Call instructions, Jump instructions or by loading 
computed addresses into the PC..In addition, an on-chip 
two-level stack is employed to provide easy to use 
subroutine nesting. 


CONFIGURATION EPROM | OSC? OSC2 MCLR 


"DISABLE" "OSC 
. SELECT" 


WATCHDOG | «cope 
a PROTECT" OSCILLATOR/ 


TIMING & 
CONTROL 


WDT TIME WDT/RTCC CLKOUT 


OUT PRESCALER 


INSTRUCTION 
DECODER 


DIRECT ADDRESS DIRECT RAM 


ADDRESS 


LITERALS 


6 
OPTION REG. |~—— "OPTION" 


FROM W 


US 


GENERAL 
PURPOSE 
REGISTER 
FILE 
STATUS | STATUS (1) 
| TCC (fH) | | TCC (fH) | | FSR (4) (4) 
DATAB 


FROM W FROM W 


4 
"TRIS 5" "TRIS 6" 
fimo Te JE 


4 


RAO-RA3 
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RBO-RB7 | RCO-RC7 
(PIC16C55/C57 
ONLY) 
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PIC16C5X SERIES OVERVIEW 


_ A wide variety of EPROM and RAM sizes, number of 
I/O pins, oscillator types, frequency ranges, and packag- 
ing options is available. Depending on application and 
production requirements the proper device option can 
be selected using the following information and tables. 
When placing orders, please use the "PIC16C5x Prod- 
uct Identification System” on page 32 of this data sheet 
to specify the correct part number. 


UV ERASABLE DEVICES 


Four different device versions, as listed in Table 1, are 
available to accommodate the different EPROM, RAM , 
and I/O configurations. These devices are optimal for 
prototype development and pilot series. The desired 
oscillator configuration is EPROM programmable as 
"RC", "XT", or"HS". An erased device is configured as 
"RC" type by default. Depending on the selected oscil- 
lator type and frequency, the operating supply voltage 
must be within the same range as aOTP/QTP part would 
be specified for. 

The PIC development programmer, "PICPRO", can 


program all members of the PIC16C5x family for 


prototyping and small-volume production. See page 4- 
32 for high-volume programming support. 






PIC16C54 | 512x12 

















PIC16C55 | 512x 12 


PIC16C56 | 1K x12 











PIC16C57 | 2K x12 








* 


Vo is greater than 4.75 V. 
| ** Includes RTCC pin 


TABLE 1: OVERVIEW UV-ERASABLE DEVICES 
Osc.Freq.Range Package Options 


Voltage 
-5.5V 













4.0°-5.5V 


4.0°-5.5V 





4.0°-5.5V 


Frequencies above 4 MHz and/or operation in the industrial temperature range (-40 to +85°C) require that 


*“* Device operation is currently guaranteed up to 8 MHz oscillator frequency. 
_ Please contact Microchip Technology Inc. for expected release dates of 20 MHz devices. 


ONE-TIME-PROGRAMMABLE (OTP) DEVICES 


The availability of OTP devices is especially useful for 
customers expecting frequent code changes and up- 
dates. OTP devices have the oscillator type pre-config- 
ured by the factory, and they are tested only for this 
special configuration (including voltage and frequency 
ranges, current consumption). Table 2 below gives an 
overview about devices available now and planned for 
future release. 


The program EPROM is erased, allowing the user to 
write his application code into it. In addition, the watch- 
dog timer can be disabled, and/or the code protection 
logic can be activated by programming special EPROM 
fuses. The sixteen special EPROM bits for ID code 
storage are also user programmable. 


QUICK-TURNAROUND-PRODUCTION (QTP) 
DEVICES 


Microchip offers a QTP Programming Service for factory 
production orders. This service is made available for 
users who chose not to program a medium to high 
quantity of units and whose code patterns have stabi- 
lized. The devices are identical to the OTP devices (see 
Table 2) but with all EPROM locations and fuse options 
already programmed by the factory. Certain code and 
prototype verification procedures do apply before pro- 
duction shipments are available. Please contact your 
Microchip Technology sales office for more details. 






DC - 8 MHz *** 





18 Id. Windowed CERDIP 











28 Id. Windowed CERDIP 





DC - 8 MHz *** 












DC -8 MHz*** | 18 Id. Windowed CERDIP 






DC - 8 MHz *** | 28 Id. Windowed CERDIP 
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TABLE 2: OVERVIEW OTP AND QTP DEVICES 
» | Supply*** Osc. Freq. Package 
nate eprom | raw | vor Voltage Type Range Options (Note) 






















PICI6C54RC | 512x 12 RC DC - 4 MHz DIP-18, SOIC-18, PLCC-28 





















PIC16C54XT | 512x 12 XTAL, Ext. | 0.4-4MHz DIP-18, SOIC-18, PLCC-28 



















PICI6C54HS | 512x 12 XTAL, Ext. | 4- 8MHz* DIP-18, SOIC-18, PLCC-28 















PIC16CS55RC | 512 x 12 RC DC - 4 MHz DIP-28, SOIC-28, PLCC-28 












PICI6C55XT | 512x 12 XTAL, Ext. | 0.4-4MHz DIP-28, SOIC-28, PLCC-28 


















PICI16C55HS | 512x 12 XTAL, Ext. | 4- 8MHz™ DIP-28, SOIC-28, PLCC-28 





PIC16C56RC 





RC DC - 4 MHz DIP-18, SOIC-18, PLCC-28 





PIC16C56XT XTAL, Ext. | 0.4-4 MHz DIP-18, SOIC-18, PLCC-28 













PIC16C56HS XTAL, Ext. | 4- 8MHz DIP-18, SOIC-18, PLCC-28 









PIC16C57RC RC DC - 4 MHz 





DIP-28, SOIC-28, PLCC-28 








PIC16C57XT XTAL, Ext. | 0.4-4MHz DIP-28, SOIC-28, PLCC-28 













PIC16C57HS XTAL, Ext. 





4- 8MHz DIP-28, SOIC-28, PLCC-28 












Including RTCC pin 
Device operation is currently guaranteed up to 8 MHz oscillator frequency. 

Please contact Microchip Technology for expected release dates of 20 MHz devices. . 

Minimum supply voltage for industrial temperature range is 4.5V for XT and RC, and 4.75V for HS versions. 
Devices operating at supply voltages below 4.0V or 4.5V respectively, are under development. 
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PIC®16C5x Series 


REGISTER FILE ARRANGEMENT 


FIGURE 3: PIC16C5x DATA MEMORY MAP 


FILE 
ADDRESS 


00 


03 
04 
05 
06 
07 
08 
09 
0A 
0B 
0C 
oD 
OE 
OF 


(*) 
(™") 


76543210 


ice ee 


PORT A 


PORT B 
PORT C (**) 


GENERAL 
PURPOSE 


REGISTER 
FILE 





00° 


GENERAL 
PURPOSE 
REGISTER 
FILE 
(ALL TYPES) 


(BANK 0) (***) 


100987654321 0 


RETLW 
STACK 1 — 


CALL 


1009876543210 


STACK 2 


76543210 









543210 


OPTION 


TO AND FROM 
’ REGISTER FILE 
VIA ALU 


———— FROM PROGRAM MEMORY 


BIT 6, 5 OF FSR: BANK SELECT 
(PIC16C57 ONLY) 


01 


(BANK 1) (***) 


3F 





10 1 


GENERAL PURPOSE 
REGISTER FILE 


(PIC16C57 ONLY) 


(BANK 2) (***) _ (BANK 3) (***) 


5F 7F 


NOT A PHYSICALLY IMPLEMENTED REGISTER. SEE SECTION "OPERATIONAL REGISTER FILES” FOR DETAILS 
FILE f7 IS AGENERAL PURPOSE REGISTER ON THE PIC16C54/C56 


(***) BANK 0 IS AVAILABLE ON ALL MICROCONTROLLERS WHILE BANK 1 TO BANK 3 ARE ONLY AVAILABLE ON THE 


PIC16C57. (SEE SECTION "FILE SELECT REGISTER" FOR DETAILS) 
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OPERATIONAL REGISTER FILES 


f0 INDIRECT DATA ADDRESSING 


Not a physically implemented register. fO calls for the 
contents of the File Select Register to be used to select 
a file register. [0 is useful as indirect address pointer. For 
example, the instruction ADDWF f0, W will add the 
contents of the register pointed to by the FSR (f4) to the 
content of the W Register and place the result in W . 


PIC°16C5x Series 


f1 REAL TIME CLOCK/COUNTER REGISTER 
(RTCC) 


This register can be loaded and read by the program as 
any other register. In addition, its contents can be 
incremented by an external signal edge applied to the 
RTCC pin, or by the internal instruction cycle clock 
(CLKOUT=fosc/4). 


An 8 bit prescaler can be assigned to the RTCC by 
writing the proper values to the PSA bit and the PS bits 
in the OPTION register. If the prescaler is assigned to 
the RTCC, instructions writing to f1 (e.g. CLRF 1, or 
BSF1,5, ...etc.) clear the prescaler. 


The bit "RTS" (RTCC signal Source) in the OPTION 
register determines, if f1 is incremented internally or 
externally. 


RTS=1: The clock source for the RTCC or the prescaler, 
if assigned to it, is the signal on the RTCC pin. 
Bit 4 of the OPTION register (RTE) determines, 
ifan increment occurs on the falling (RTE=1) or 
rising (RTE=0) edge of the signal presented to 
the RTCC pin. 
RTS=0: The RTCC register or its prescaler, respec- 
tively, will be incremented with the internal 
instruction clock (= Fosc/4). The "RTE" bit in the 
OPTION register and the RTCC pin are "don't 
care" in this case. However, the RTCC pin 
must be tied to VDD or Vss, whatever is con- 
venient, to prevent unintended entering of test 
modes and to reduce the current consumption 
in low power applications. 


As long as clocks are applied to the RTCC (from internal 
or external source, with or without prescaler), f1 keeps 
incrementing and just rolls over when the value "OFF 16” 
is reached. Allincrement pulses for f1 are delayed by two 
instruction cycles. After writing to f1, for example, no 
increment takes place for the following two instruction 
cycles. This is independent if internal or external clock 
source is selected. If a prescaler is assigned to the 
RTCC, the output of the prescaler will be delayed by two 
cycles before f1 is incremented. 


ng eR tT ene A 
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OPERATIONAL REGISTER FILES (CONT.) 


f2 PROGRAM COUNTER 


The program counter generates the addresses for the 
up to 2048 x 12 on-chip EPROM cells containing the 
program instruction words (Figure 4). 


Depending on the device type, the program counter and 
its associated two-level hardware stack is 9 - 11 bits 
wide. 


TABLE 3: PROGRAM COUNTER/STACK WIDTH 


Part # PC width | Stack width 


PIC16C54/PIC16C55 
PIC16C56 
PIC16C57 


The program counter is set to all "1"s upon a RESET 
condition. During program execution it is auto 
incremented with each instruction unless the result of 
that instruction changes the PC itself: 


a) "GOTO" instructions allow the direct loading of the 
lower 9 program counter bits. 

b) "CALL" instructions load the lower 8 bit of the PC 
directly while the ninth bit is cleared to "0". The PC 
value, incremented by one, will be pushed into the 
stack. | 

c) "RETLW" instructions load the program counter 
with the top of stack contents. 

d) "MOVWF 2" allows the loading of computed ad- 


dresses from the W register into the program counter. - 


e) "ADDWF 2" allows adding of relative addresses to 
the current PC contents. Inthis case the PC will also 
be incremented. That is, adding "000" to f2 results 
in the PC value PC + 1. oo 

In the cases d) and e), the ninth bit of the PC will always 

be cleared to "0". Thus, indexed addressing is only 

possible within the lower half of a program memory page 
(addresses 000-OFF, 200-2FF, 400-4FF, 600-6FF). 
Program Memory Page Select (PIC16C56/ 
PIC16C57 Only): | 


The most significant program counter bit(s) will be 
loaded with the contents of the page preselect bits in the 
status register f3 upon execution of a"GOTO", "CALL", 
"ADDWF 2", or "MOVWF 2" instruction. 





Incrementing the program counter when It is pointing to 
the last address of a selected memory page is also 
possible and will cause the program to continue in the 
next higher page. However, the page pre-select bits in f3 
will not be changed, and the next "GOTO", "CALL", 
"ADDWF 2", "MOVWF 2" instruction will return to the. 
previous page, unless the page pre-select bits have 
been updated under program control. For example, a 
"NOP" at location "1FF"(page 0) increments the PC to 
"200" (page 1). A "GOTO xxx" at "200" will return the 
program to address "xxx" on page "0" (assuming that the 
page preselect bits in f3 are "0". 

Upon a RESET condition, page 0 is pre-selected while 
the program counter addresses the last location in the 
last page. Thus, a"GOTO" instruction at this location will 
automatically cause the program to continue in page 0. 


Stack 
The PIC16C5x series employs a two level hardware 
push/pop stack (Figure 4). 


CALL instructions push the current program counter 
value, incremented by "1", into stack level 1. Stack level 
1 is automatically pushed to level 2. If more than 2 
subsequent "CALL"s are executed, only the most recent 
two return addresses are stored. 

For the PIC16C56 and PIC16C57, the page preselect 
bits of f3 will be loaded into the most significant bits of the 
program counter. The ninth bit is always cleared to "0" 
upon a CALL instruction. This means that subroutine 
entry addresses have to be located always within the 
lower half of a memory page (addresses 000-0FF, 200- 
2FF, 400-4FF, 600-6FF). However, as the stack has 
always the same width as the PC, subroutines can be 
called from anywhere in the program. 


RETLW instructions load the contents of stack level 1 
into the program counter while stack level 2 gets copied 
into level 1. If more than 2 subsequent "RETLW'"s are 
executed, the stack will be filled with the address previ- 
ously stored in level 2. Forthe PIC16C56 and PIC16C57, 
the return will be always to the page from where the | 
subroutine was called, regardless of the current setting 
of the page pre-select bits in file register f8. Note that the 
W register will be loaded with the literal value specified 
in the RETLW instruction. This is in particular useful for 
the implementation of "data" tables within the program 
memory. . 
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OPERATIONAL REGISTER FILES (CONT.) 


FIGURE 4: PROGRAM MEMORY ORGANIZATION 


GOTO, CALL, ADDWF 2, MOVWF 2 FROM f3, BIT 6 (PIC16C57 ONLY) 
GOTO, CALL, ADDWF 2, MOVWF 2 FROM f8, BIT 5 (PIC16C56/C57 ONLY) 
GOTO DIRECT FROM INSTRUCTION WORD 

CALL, ADDWF 2, MOVWF 2 ALWAYS "0" 


GOTO, CALL DIRECT FROM INSTRUCTION WORD 
ADDWF 2, MOVWF 2 FROM ALU 


RETLW CALL RETLW 
PC | aio Aog {Ao8_ | A07-A00 STACK LEVEL 1 ae 
{2 9-11 BIT CALL 
v) F STACK LEVEL 2 


MAX. EPROM ADDRESS FOR: 


PIC16C54/PIC16C55 





PIC16C56 


——— PIC16C57 





SS 
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OPERATIONAL REGISTER FILES (CONT.) 


13 STATUS WORD REGISTER 

This register contains the arithmetic status of the ALU, 
the RESET status, and the page preselect bits for larger 
program memories than 512 words (PIC16C56, 
PIC16C57). 

f3 can be altered under program control only via bit set, 
bit clear, or MOVWF 3 instructions except for the "TO" 
and "PD" bits. . 

For other instructions, affecting any status bits, see 
section "Instruction Set Summary." 











STATUS WORD REGISTER f3 











L 


rr strep rrr EAS ET rat TSE TSE SSR ean Ens 


DS30015F-10 


Time out and power down status bits (TO, PD) 


The "TO" and "PD" bits in the status register f3 can be 
tested to determine if a RESET condition has been 
caused by a watchdog timer time-out, a power-up condi- 
tion, or awake-up from SLEEP by the watchdog timer or 


(7) (6) (5) (4) (3) (2) (4) (0) 


oe [em] poo] vo] ro] 2 [oo] 0 


MCLR pin. 


These status bits are only affected by events listed in 


Table 4. 


CARRY BIT: 

For ADDWF and SUBWF instructions, this bit is set if there is 
a carry out from the most significant bit of the resultant. 

Note that a subtraction is executed by adding the two's 
complement of the second operand. For rotate (RRF, RLF) 
instructions, this bit is loaded with either the high or low 
order bit of the source register. 


DIGIT CARRY BIT: 
For ADDWF and SUBWF instructions, this bit is set if there is 
a carry out from the 4th low order bit of the resultant. 


ZERO BIT: 
Set if the result of an arithmetic or logic operation is zero. 


POWER DOWN BIT: 
Set to "1" during power up or by a CLRWDT command. This 
bit is reset to "0" by a SLEEP instruction. 


TIME-OUT BIT: 

Set to "1" during power up and by the CLRWDT and SLEEP 
command. This bit is reset to "0" by a watchdog timer time 
out. 


PIC16C54/C55_: Two general purpose read/write bits 
PIC16C56 : BIT5 ... Page preselect bit 
0 = Page 0 (000 - 1FF) 
1 = Page 1 (200 - 3FF) 
BIT 6 ... General purpose read/write bit 
PIC16C57 : Two page preselect bits 


00 = Page 0 (000 - 1FF) 
01 = Page 1 (200 - 3FF) 
10 = Page 2 (400 - 5FF) 
11 = Page 3 (600 - 7FF) 


BIT 7: General purpose read/write bit 
(reserved for future use) 
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OPERATIONAL REGISTER FILES (CONT.) 


TABLE 4: 
EVENTS AFFECTING PD/TO STATUS BITS 


Remarks 


Power-up 

WODT Timeout 
SLEEP instruction 
CLRWDT instruction 


No effect on PD 





Note: A WDT timeout will occur regardless of the 
status of the TO bit. ASLEEP instruction willbe 
executed, regardless of the status of the PD bit. 
Table 5 reflects the status of PD and TO after 
the corresponding event. 


TABLE 5: PD/TO STATUS AFTER RESET 
RESET was caused by 


WDT wake-up from SLEEP 


WDT time-out (not during SLEEP) 
MCLR wake-up from SLEEP 
Power-up 

= Low pulse on MCLR input 





Note: The PD and TO bit maintain their status (X) 
until an event of Table 4 occurs. A low-pulse 
on the MCLR input does not change the PD 
and TO status bits. 





Program Page Preselect (PIC16C56, PIC16C57 
ONLY) 


Bits 5-6 of the STATUS register are defined as PAGE 
address bits PAO - PA1, and are used to preselect a 
program memory page. When executing a GOTO, 
CALL, MOVWF 2, or ADDWF 2 instruction, PAO - PA1 
are loaded into bit A9-A10 of the program counter, 
selecting one of the available program memory pages. 
The direct address specified in the instruction is only 
valid within this particular memory page. 

RETLW instructions do not change the page preselect 
bits. 

Upon a RESET condition, PAO-PA2 are cleared to "0"s. 


PIC®16C5x Series 


f4 FILE SELECT REGISTER (FSR) 
PIC16C54/C55/C56 


Bits 0-4 select one of the 32 available file registers in the 
indirect addressing mode (that is, calling for file f0 in any 
of the file oriented instructions). 

Bits 5-7 of the FSR are read-only and are always read as 
“one's. 

If no indirect addressing is used, the FSR can be used 
as a 5 bit wide general purpose register. 


PIC16C57 ONLY 


Bit 5 and 6 of the FSR select the current data memory 
bank (Figure 3). 

The lower 16 bytes of each bank are physically identical 
and are always selected when bit 4 of the FSR (in case 
of indirect addressing) is "0", or bit 4 of the direct file 
register address of the currently executing instruction is 
"0" (e.g. MOVWF 08). | 

Only if bit 4 in the above mentioned cases is "1", bits 5 
and 6 of the FSR select one of the four available register 
banks with 16 bytes each. 

Bit 7 is read-only and is always read as "one." 


ce ree eH 
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1/O REGISTERS (PORTS) 


The I/O registers can be written and read under program 
control like any other register of the register file. How- 
ever, "read" instructions (e.g. MOVF 6,W) read always 
the I/O pins, regardless if a pin is defined as "input" or 
“output.". Upon a RESET condition, all I/O ports are 
defined as "input" (= high impedance mode) as the I/O 
control registers (TRISA, TRISB, TRISC) are all set to 
"ones." 

The execution of a "TRIS f" instruction with correspond- 
ing "zeros" in the W-register is necessary to define any 
of the I/O pins as output. 


f5 (PORT A) 

4-bit I/O register. Low order 4 bits only are used (RAO - 
RA3). Bit 4 - 7 are defined as "zeros." 

16 (PORT B) 

-8-bit /O register. 


7 (PORT C) 


PIC16C55/C57 : 8-bit I/O register 
PIC16C54/C56 : General purpose register. 


I/O INTERFACING 


The equivalent circuit for an I/O port bit is shown in 
Figure 5. All ports may be used for both input and output 
operations. For input operations these ports are non- 
latching. Any input must be present until read by an input 
instruction (e.g. MOVF 6, W). The outputs are latched 
and remain unchanged until the output latch is rewritten. 
For use as an output, the I/O control register 
(TRISA,TRISB, TRISC) must be zero in order to enable 
the output buffer. For use as an input the I/O control 
register must be "one" in order to allow an external 
device to drive the port high or low. This principle is the 
same whether operating on individual pins or the entire 
port. Any I/O pin can be programmed individually as 
input, output or bidirectional pin. 


FIGURE 5: EQUIVALENT CIRCUIT FOR A SINGLE I/O PIN 


FROM 


W-REGISTER vO 


CONTROL 
LATCH 


CK SET 
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//O PROGRAMMING HINTS 
BIDIRECTIONAL I/O PORTS 


a) Some instructions operate internally as input fol- 
lowed by output operations. The BCF and BSF 
instructions, for example, read the entire port into the 
CPU, execute the bit operation, and re-output the 
result. Caution must be used when these instructions 
are applied to a port where one or more pins are used 
as input/outputs. As an example, a BSF operation on 
bit 5 of f6 (Port B) will cause all eight bits of f6 to be 
read into the CPU. Then the BSF operation takes 
place onbit 5 and f6 is re-output to the output latches. 
If another bit of f6 is used as a bidirectional I/O pin 
(say bit 0) and it is defined as an input at this time, the 
input signal present on the pin itself would be read 
into the CPU and re-written to the data latch of this 
particular pin, overwriting the previous content. As 
long as the pin stays in the input mode , no problem 
occurs. However, if bit 0 is switched into output mode 
later on, the content of the data latch may now be 
unknown. 


b) A pin actively outputting a "0" or "1" should not be 
driven from external devices at the same time in 
order to change the level on this pin ("wired-or", 
“wired-and"). The resulting high output currents may 
disturb an otherwise clean power supply, and proper 
device functionality is not guaranteed. 
For"wired-or" outputs (assuming negative logic), itis 
recommended to use external pull-up resistors on 
the corresponding pins. The pin should be left in 
high-impedance mode, unless a"0" has to be output. 
Thus, external devices can drive this pin "0":as well. 
"Wired-and" outputs can be realized in the same 
way, but with external pull-down resistors and only 
actively driving the "1" level from the PIC. The resis- 
tor values are user selectable, but should not force 
output currents above the specified limits (see DC 
Characteristics). 
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SUCCESSIVE OPERATIONS ON I/O PORTS 


Writing to an I/O port happens always at the end of an 
instruction cycle, while for reading, the data have to be 
valid as shown in Figure 20. 

Therefore, care must be exercised if successive instruc- 
tions operate on the same I/O port. The sequence of 
instructions should be such to allow the pin voltage to 
stabilize (load dependent) before the next instruction 
which causes that file to be read into the CPU is 
executed. Otherwise, the previous state of that pin may 
be read into the CPU rather than the new state. When in 
doubt, it is better to separate these instructions with a 
NOP or an other instruction not accessing this I/O port. 


OPERATION IN NOISY ENVIRONMENT 


In noisy application environments, for example key- 
boards which are exposed to ESD (Electro Static Dis- 
charge), register contents can get corrupted due to 
noise spikes. 

The on-chip watchdog timer will take care of all situ- 
ations involving program sequence "lock-ups." How- 
ever, if a l/O control register gets corrupted, the program 
sequence may still be executed properly although an 
input pin may have switched unintentionally to an output. 
In this case, the program would always read the same 
value on this pin. This may result, for example, in a 
keyboard "lock-up" situation without leading to a watch- 
dog timer timeout. Thus, it is recommended to redefine 
all I/O pins in regular time intervals (inputs as well as 
outputs). The optimal strategy is to update the I/O control 
register every time before reading or putting data out. 
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GENERAL PURPOSE REGISTERS 
PIC16C54/C55/C56 : 


_ f0816-f1F16: are general purpose register files. 


PIC16C57 ONLY: 


{0816 - fOF16: are general purpose register files which 
are always selected, independent of bank 
select. | 
general purpose register files | in memory 
bank 0 


physically identical to {00 - fOF 


{1016 - f1F 16: 


{2016 - f2F 16: 
{3016 - {3F 16: 
bank 1 

physically identical to f00 - fOF 

general purpose register files in memory 
bank 2 

physically identical to f00 - f0 

general purpose beac in memory 
bank 3 


SPECIAL PURPOSE REGISTERS 


£4016 - f4Fi6: 
f5016 - f5F 16: 


£6016 - f6F 16: 
17016 - f7F 16: 


W WORKING REGISTER 


Holds second operand i in two operand instructions and/ 
or ‘supports the internal data transfer. 








OPTION REGISTER 






PRESCALER VALUE 





0 i ee pero 
0 te Lag 
1 12 1:4 
1 1: 1:8 
0 1 1: 16 
0 1 1: 32 
1 1 1: 64 
1 | 1: 128 
PRESCALER ASSIGNMENT BIT: 
; .. RTCC 
. WOT 
RTCC SIGNAL EDGE: 
et .. INCREMENT ON LOW-TO-HIGH TRANSITION ON RTCC PIN 
.. INCREMENT ON HIGH-TO-LOW TRANSITION ON RTCC PIN 
RTCC SIGNAL SOURCE: 
0.... INTERNAL INSTRUCTION CYCLE CLOCK (CLKOUT) 


Pisces 








general purpose register files inmemory — 









TRISA I/O CONTROL REGISTER FOR 
PORT A (f5) 

Bit 0 - 3 only available. The corresponding VO nr (f5) 

is only 4 bit wide. 

TRISB 1/0 CONTROL REGISTER FOR 
PORT B (f6) | 

TRISC 1/0 CONTROL REGISTER FOR 
PORT C (f7) 


The I/O control registers will be loaded with the content 
of the W register by executing of the TRIS f instruction. 
A"1" in the I/O control register puts the corresponding 
I/O pin into a high impedance mode. A "0" puts the 
contents of file register f5, 6, or f7 , respectively, out on 
the selected I/O pins. 

These registers are "write-only" and are set to all "ones" 
upon a RESET condition. 


OPTION PRESCALER/RTCC OPTION 
REGISTER 


Defines prescaler assignment (RTCC or WDT), pres- 
caler value, signal source and signal edge for the RTCC. 
The OPTION register is "write-only" and is 6 bit wide. 

_ By executing the "OPTION" instruction, the contents of 
the "W" register will be transferred to the option register. 
Upon. a RESET condition, the option register will be set 
to all "ones." 















TRANSITION ON RTCC PIN 


tt rt i rE A . 
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RESET CONDITION 


A RESET condition can be caused by applying power to 

the chip (power-up), pulling the MCLR input "low", or by 

a Watchdog Timer Timeout. The device will stay in 

RESET as long as the oscillator start-up timer (OST) is 

active or the MCLR input is "low." 

During a RESET condition the PIC function is defined 

as : 

« The oscillator is running, or will be started (power- 
up or wake-up from SLEEP) 

¢ All 1/O port pins (RAO - RA3, RBO - RB7, RCO - 
RC7) are put into the high-impedance state (tri- 
stated) by setting the "TRIS" registers to all "ones" 
(= input mode). 

« The Program Counter is set to all "ones" 

¢ The OPTION register is set to all "ones" 

« The Watchdog Timer and prescaler are cleared 

e The upper three bits (page select bits) in the 
Status Register (f3) are cleared to "zero." 

* "RC" devices only: The "CLKOUT" signal on the 
OSC2 pin is held at a"low" level. 








PRESCALER 


An 8-bit counter is available as prescaler for the RTCC, 
or as post-scaler for the watchdog timer, respectively 
(Figure 6). For simplicity, this counter is being referred to 
as "prescaler" throughout this data sheet. Note that 
there is only one prescaler available which is mutually 
exclusively shared between the RTCC and the watch 


FIGURE 6: 


RTCC 
PIN 


M 
) u 
1 x 


RTE 
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dog timer. Thus, a prescaler assignment for the RTCC 
means that there is no prescaler for the watchdog timer, 
and vice versa. 

The PSA and PSO-PS2 bits in the OPTION register 
determine the prescaler assignment and ratio. 

The prescaler will be cleared whenever the circuit to 
which it is assigned is being written to. That is, when 
assigned to the RTCC, all instructions writing to the 
RTCC (e.g. CLRF 1, MOVWF 1, BSF 1,x ....etc.) will 
clear the prescaler. 


PRESCALER PROGRAMMING CAUTIONS 


The prescaler assignment is fully under software con- 
trol. Thus, it can be changed "on the fly" during program 
execution. To avoid an unintended device RESET, the 
following instruction sequence has to be executed when 
changing the prescaler assignment from RTCC to WDT: 


1.MOVLW B'xxx00xxx' —_;Select internal RTCC clock 


2.OPTION 7 

3.CLRF 1 ;Clear RTCC and prescaler 

4.MOVLW B'xxxx1x10" ; 

5.OPTION ;Select WDT prescaler with 
ratio => 1:4. 


Step 1 and 2 are only required if an external RTCC 
source is used with a clock period less than Tcy +20ns. 
In all other cases, only steps 3-5 are necessary. 

No precaution is required when changing the prescaler 
assignment from WDT to RTCC. ai 


BLOCK DIAGRAM RTCC/WDT PRESCALER 


CLKOUT (=Fosc/4) 
2 1 | 


DATA BUS 


RTCC (f1) 





PSA 


8-BIT COUNTER 


8-TO-1 MUX 


WDT ENABLE 
EPROM FUSE 


NOTE: RTE, RTS, PSA, PSO-PS2 
ARE BITS IN THE OPTION REGISTER 
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BASIC INSTRUCTION SET SUMMARY 


Each PIC instruction is a 12-bit word divided into an OP 
code which specifies the instruction type and one or 
more operands which further specify the operation of the 
instruction. The PIC instruction set summary in Table 6 
lists byte-oriented, bit-oriented, and literal and control 
operations. 


For byte-oriented instructions, "f" represents a file regis- 
ter designator and "d" represents a destination designa- 
tor. The file register designator specifies which one of 
the 32 PIC file registers is to be utilized by the instruction. 
For the PIC16C57, bit 5 and 6 in the FSR determine the 
selected register bank. 

The destination designator specifies where the result of 
the operation is to be placed. If "d" is zero, the result is 


placed in the W register. If "d" is one, the result is placed | 


in the file register specified in the instruction. 


For bit-oriented instructions, "b" represents a bit field 
designator which selects the number of the bit affected 
by the operation, while "f" represents the number of the 
file in which the bit is located. | 

For literal and control operations, "k" represents an eight 
or nine bit constant or literal value. 


All instructions are executed within one single instruc- 
tion cycle, unless a conditional test is true or the program 
counter is changed as a result of an instruction. In this 
case, the execution takes two instruction cycles. One 
instruction cycle consists of four oscillator periods. Thus, 
for an oscillator frequency of 4 MHz, the normal instruc- 
tion execution time is 1 usec. If a conditional test is true 
or the program counter is changed as a result of an 
instruction, the instruction execution time is 2 usec. 


NOTES TO TABLE 6 


Note1: The 9th bit of the program counter will be forced 
to a"zero" by CALL , MOVWF 2, or ADDWF 2 
instructions. : 

Note 2: When an 1/O register is modified as a function of 
itself (e.g. MOVF 6,1 ), the value used will be 
that value present on the pins themselves. For 
example, a tristated pin which data latch is "1" 
but is driven low by an external device, will be 

7 relatched in the low state. 

Note 3: The instruction "TRIS f" , where f = 5 or 6 or 7 
causes the contents of the W register to be 
written to the tristate latches of the specified file 
(port). A "one" forces the pin to a high imped- 
ance state and disables the output buffers. 

Note 4: If this instruction is executed on file register f1 
(and, where applicable, d=1), the prescaler will 
be cleared if assigned to the RTCC. 
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TABLE 6: INSTRUCTION SET SUMMARY 





(11-6) (5) (4 - 0) 
BYTE -ORIENTED FILE REGISTER OPERATIONS OPCODE d (FILE #) 
Instruction-Binary (Hex) Name Mnemonic, Operands Operation Status Affected Notes 
0000 0000 0000 000 No Operation NOP - None 
0000 OO1f fff O2f Move Wiof MOVWF f Wf None 1,4 
0000 0100 0000 040 ClearW CLRW - 0—>W Z 
0000 011f fff O6f § Clearf CLRF_ f 0—-f Z 4 
0000 10df fff O8f  Substract W from f SUBWF f,d f-W—d[f+W+1-—d] C,DC,Z = 1,2,4 
0000 11df fff OCf Decrement f DECF fd f-l—d Z 2,4 
0001 OOdf fff 10f Inclusive OR W and f IORWF f,d Wvf—-d Z 2,4 
0001 O1df fff 144 ANDWandf ANDWF f,d W&f-—-d Z 2,4 
0001 10df fff 18f Exclusive OR W and f XORWF f,d WO@f-d Z 2,4 
0001 11df fff 1Cf Add W andf ADDWF f,d W+f—-d C,DC,Z = 1,2,4 
0010 OOdf fiff 20f  Movef MOVF f,d fod Z 2,4 
0010 O1df fff 24f Complement f COMF  f,d fod Z 2,4 
0010 10df fiff 28f Increment f INCF f,d f+1—d Z 2,4 
0010 11df ffff 2Cf Decrement f,Skip if Zero | DECFSZ f,d f- 1 —>d, skip if zero None 2,4 
0011 OOdf fiff 30f Rotate right f RRF f,d f(n) > d(n-1), C > d(7), f(0) >C C 2,4 
0011 Otdf fff 34f Rotate left f RLF f,d f(n) > d(n+1), C > d(0), f(7) > C C 2,4 
0011 10df ffff 38f = Swap halves f SWAPF f,d f(0-3) <> (4-7) 9d None 2,4 
0011 11df fff 3Cf_ —_ Increment f,Skip if zero INCFSZ_ f,d f+1—d, skip if zero None 2,4 
(11-8) (7-5) (4 - 0) 
BIT- ORIENTED FILE REGISTER OPERATIONS OPCODE b(BIT #)|  f(FILE #) 
Instruction-Binary (Hex) Name Mnemonic,Operands Operation Status affected Notes 
0100 bbbf fff 4bf _— Bit Clear f BCF f,b O-— f(b) | None 2,4 
0101 bbbf ffff 5bf _—Bit Set f BSF f,b 1 f(b) None 2,4 
0110 bbbf fff 6bf —_Bit Test f,Skip if Clear BTFSC f,b Test bit (b) in file (f): Skip ifclear © None 
0111 bbbf fff 7bf _ Bit Test f, Skip if Set BIFSS f,b Test bit (b) in file (f): Skip if set None 
(11-8) (7 - 0) 
LITERAL AND CONTROL OPERATIONS OPCODE k (LITERAL) 
Instruction-Binary (Hex) Name Mnemonic,Operands Operation Status affected Notes 
0000 0000 0010 002 Load OPTION register OPTION - W — OPTION register None 
0000 0000 0011 003  Gointo standby mode SLEEP - 0 — WDT, stop oscillator TO, PD 
0000 0000 0100 004 Clear Watchdog timer CLRWDT - 0 — WDT (and prescaler, if assigned) TO, PD 
0000 0000 Offf  O0f Tristate portf TRIS f W-> I/O control register f None 3 
1000 kkkk kkkk 8kk — Return,place LiteralinW RETLW k k — W, Stack — PC None 
1001 kkkk kkkk 9kk Call subroutine CALL k PC + 1 — Stack, k > PC None 1 
101k kkkk kkkk Akk Go Toaddress(kis9bit) GOTO k k —» PC (9 bits) None 
1100 kkkk kkkk Ckk  MoveLiteraltoW © MOVLW k kW | None 
1101 kkkk kkkk Dkk — Incl. OR Literal and W IORLW_ k kvW>W Z 
1110 kkkk kkkk Ekk AND Literal and W ANDLW k k & W— W Z 
1111 kkkk kkkk Fkk — Excl. OR Literal and W XORLW k k®W+>W Z 


Notes: See previous page 
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WATCHDOG TIMER (WDT) 


The watchdog timer is realized as a free running on-chip 
RC oscillator which does not require any external com- 
ponents. That means that the WDT will run, even if the 
clock on the OSC1/OSC2 pins of the device has been 
stopped, for example, by execution of a SLEEP instruc- 
tion. AWDT timeout generates a device RESET condi- 
tion. The WDT can be permanently disabled by pro- 
gramming a "zero" into a special EPROM fuse which is 
not part of the normal program memory EPROM. The 
PIC development tools "PIC-ICE" and "PICPRO" pro- 
vide special commands to program this fuse. 


WDT PERIOD 


The WDT has a time-out period of approx. 18 ms. If 
longer time-out periods are desired, a prescaler with a 
division ratio of up to 1:128 can be assigned to the WDT 


under software control by writing to the OPTION regis- — 


ter. Thus, time-out periods up to 2.5 seconds can be 
realized. | 

The "CLRWDT" and "SLEEP" instructions clear the 
WDT and the prescaler, if assigned to the WDT, and 
prevent it from timing out and generating a device 
RESET condition. | 


The status bit "TO" in file register f3 will be cleared upon | 


a watchdog timer timeout. 
The WDT period is a function of the supply voltage, 


operating temperature, and may also vary from unit to | 


unit due to variations in the manufacturing process. 
Please refer to the ELECTRICAL CHARACTERISTICS 
section and Figures 21, 22 for more details. 


SPECIAL WDT PROGRAMMING CAUTIONS: 


1. PIC16C54/C55: 
If no prescaler is assigned to the WDT, its pica time- 
out period is 18 ms. However, a CLRWDT or SLEEP 
instruction has to occur before 1/2 of the time-out 
period (i.e. 9 ms) is over . Otherwise, the CLRWDT or 


SLEEP instruction itself will cause a device RESET. 


lf the WDT has a prescaler assigned, the full WOT 
period is available for a CLRWDT instruction. 
This precaution is not necessary for the PIC16C56 
and PIC16C57. 

2. In anoisy application environment. the OPTION reg- 


ister can get corrupted. The OPTION register should | 


be updated at regular intervals. 


It should also be taken in account that under worst 


case conditions (VDD = Min., Temperature = Max., 
max. WDT prescaler) it may take several seconds 
before a WDT timeout occurs. 3 


OSCILLATOR CIRCUITS - 
OSCILLATOR TYPES 
The PIC16C5x series is available with 4 different oscil- 


~ lator circuits. On windowed devices, a particular oscilla- 


tor circuit can be selected by programming the configu- 
tation EPROM accordingly. The PIC development tools 
(e.g. PIC-ICE, PICPRO) provide special commands to 
select the desired oscillator configuration. _ 

On OTP and QTP devices, the oscillator configuration is 
determined by the factory and the parts are tested only 
to the according specifications. | 


CRYSTAL OSCILLATOR 


‘The PIC16C5x-XT, -HS needs a crystal or ceramic 
resonator connected to the OSC1 and OSC2 pins to 
establish oscillation (Fig. 7). Note that the series resistor 
Rs is only required for the "HS" oscillator. | 


RC OSCILLATOR 


For timing uncritical applications the "RC" device option 
offers additional cost savings. The RC oscillator fre- 
quency is a function of the supply voltage, the resistor 
(Rext) and capacitor (Cext) values, and the operation 
temperature. In addition, there will be variation from unit 
to unit due to normal process variation. Figure 9 shows 
how the R/C combination is connected to the PIC16C5x. 


- Some typical values for the oscillator frequency at given 


R and C values and supply voltages are listed in Table 
7. For Rext values below 2.2 kOhm, the oscillator 
operation will become unstable, or stop completely. For 
very high Rext values (e.g. 1 MOhm), the oscillator 
becomes sensitive to noise and humidity. Thus, we 
recommend to keep Rext between 5 kKOhm and 100 
kOhm. 


TABLE 7: RC OSCILLATOR FREQUENCIES 
| t= 25° Cc 


Fosc 


4.0 MHz 
2.2 MHz 
2.5 MHz 
480 kHz 
~ 245 kHz 
30 kHz 


5 kOhm 

5 kOhm 

5 kOhm 
10 kKOhm 
10 kOhm 
100 kOhm 


Rext. min. = 2.2 kOhm, Cext. min. = 





OpF (see text) — 


oe . : “ res . 238 
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Although the oscillator will operate with no external operating temperature with given R, C, and VpD values. 
capacitor (Cext = 0 pF), we recommend using values Note that this graph is normalized to 25° C. 

above 20 pF for noise and stability reasons. 

Figure 10 shows the typical dependency of the oscillator The oscillator frequency, divided by 4, is available on the 
frequency from VDD for given Rext/Cext values. Figure OSC2/CLKOUT pin, and can be used for test purposes 
11 shows the frequency as a typical function of the or to synchronize other logic (see Fig. 20 for timing). 


FIGURE 7: CRYSTAL OPERATION (OR CERAMIC RESONATOR) (HS, XT TYPES ONLY) 


----- RB TO INTERNAL 


C "HS" TYPE ONLY) ROGIC 


TYPICAL VALUES FOR C: 20 pF (CRYSTAL 4 MHz) 
30 pF (CERAMIC RESONATOR 4 MHz) 
Rs IS ONLY REQUIRED FOR "HS" DEVICES (1002 < Rs < 1KQ) 


FIGURE 8: EXTERNAL CLOCK INPUT : FIGURE 9: R/C OSCILLATOR (RC TYPE 
OPERATION (HS, XT TYPES ONLY) ONLY) 


Vpp 


Rext ' 

CLOCK FROM 6 ‘osci - aaa Osct 

PAESISTEN PIC16C5x Cext == PIC16C5xRC 
Osce2 : 


vss > OSC2/CLKOUT 
Fosc/4 


FIGURE 10: TYPICAL RC OSCILLATOR FIGURE 11: TYPICAL RC OSCILLATOR 
FREQUENCY vs. Vpp FREQUENCY vs. TEMPERATURE | 


Cext = 100 pF, T = 25°C 


FREQUENCY NORMALIZED TO +25°C 
Rext = _Fosc __ 
| 2.2K _ 2K Fosc (25°) 
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OSCILLATOR START-UP TIMER 
(OST) : 


Oscillator circuits based on crystals or ceramic resona- 
tors require a certain time after power-up to establish a 
stable oscillation. An on-chip oscillator start-up timer is 
provided which keeps the device in a RESET condition 
for approx. 18 ms after the voltage on the MCLR pin has 
reached the ViIHMc input level. Thus, external RC net- 
works connected to the MCLR input are not required in 
most cases, allowing for savings in cost-sensitive and/or 
space restricted applications. 

The OST will also be triggered upon a watchdog timer 
timeout. This is in particular important for applications 
using the WDT to awake the PIC16C5x from SLEEP 
mode automatically. 





POWER DOWN MODE (SLEEP) 


The power down mode is entered by executing a SLEEP 
instruction. 

When enabled, the watchdog timer will be cleared but 
keeps running, the bit "PD" in the status register (f3) is 
cleared, the "TO" bit is set, and the oscillator driver is 
turned off. The I/O ports maintain the status they had, 
before the SLEEP command was executed (High, Low, 
Hi-Z). Bo _ 

For lowest current consumption in this mode, ail I/O pins 
should be either at VDD, or Vss, with no external circuitry 
drawing current from the I/O pin. If the I/O pins are in the 
High-Z mode they must be pulled high or low externally 
in order to avoid switching currents caused by floating 
inputs. 7 : 

The MCLR pin must be at ViHMc. The RTCC pin must be 
at VILRT or VIHRT. ~ 


WAKE-UP 


The device can be awakened by a watchdog timer 
timeout (if it is enabled) or an externally applied "low" 
pulse at the MCLR pin. In both cases the PIC will stay in 
RESET mode for one oscillator start-up timer period 
(triggered from rising edge on MCLR or WDT timeout) 
before normal program execution resumes. 





The "PD" bitin the STATUS register, which is set to one 
during power on , but cleared by the "SLEEP" command, 
can be used to determine if the processor was powered 
up. or awakened from the power down mode (Table 5). 
The TO bit in the Status register can be used to deter- 
mine, if the "wake up" was caused by an external MCLR 
signal or a watchdog timer time out. 


NOTE: Some applications may require external R/C 
networks on the MCLR pin in order to allow for oscillator 
startup times longer than one OST period. In this case, 
a WDT wake up from power down mode is not recom- 
mended, because a RESET generated by a WDT time 
out does not discharge the external capacitor, and the 
PIC will be in RESET only for the oscillator start-up timer 
period. 


CONFIGURATION EPROM 


The configuration EPROM consists of four EPROM 
fuses which are not part of the normal EPROM for 
program storage. 

Two are for the selection of the oscillator type (program 
only on parts in package with window), one is the 
watchdog timer enable fuse, and one is the code protec- 
tion fuse. 

The PIC development tools allow the setting of these 
fuses with special commands. 

OTP or QTP devices have the oscillator configuration 
programmed by the factory and the parts are tested 
accordingly. The packages are marked with the suffixes 
"XT", "RC", "HS" following the part number to identify the 
oscillator type and operating range. 





CUSTOMER ID CODE | 


The PIC16C5x series has 16 special EPROM bits which 
are not part of the normal program memory. These bits 
are available to the user to store an Identifier (ID) code, 
checksum, or other informative data. They cannot be 
accessed during normal program execution. The 
PIC16C5x programmers (PICPRO) provide special 
commands to read or write these ID bits. 


CODE PROTECTION 


The program code written into the EPROM can be 
protected by programming the code protection fuse with 
if the code protection logic is activated, the contents of _ 
the program EPROM cannotbe read outinawaythatthe | 
program code can be reconstructed. In addition, all 
memory locations starting at 04016 and above are pro- 
tected against programming. 

It is still possible to program locations 00016 - O3F 16, the 
16 ID bits, the watchdog timer disable fuse, and, for 
windowed parts only, the oscillator configuration. 

Note that the configuration fuses and the ID bits can still 
be read, even if the code protection logic is active. 
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ELECTRICAL CHARACTERISTICS 
ABSOLUTE MAXIMUM RATINGS* 


PIC®16C5x Series 


*Notice: Stresses above those listed under "Maximum Ratings" 
may cause permanent damage to the device. This is a stress 





Ambient temperature under bias........... .-55 to+ 125°C 
Storage Temperature - 65°C to +150°C rating only and functional operation of the device at those or any 
Gclcaecniuavoin sir Gacacriaike other conditions above those indicated in the operation listings 
ae ' inte d cin -0.6V to Vp +0.6V of this specification is notimplied. Exposure to maximum rating 

NWoliage'o i Von with respect i VaR : 0 to +9 5 V conditions for extended periods may affect device reliability. 
V i to Nan te 

sae ie sia mi respect Ives 0tos14V Notes: 1. Total power dissipation should not exceed 800 
Total power Dissipation (Note 1) 800 mW mW for the package. “Power cssipation is 
Max. Current out of VSS pi ..........eeseesereeeeneee 150 mA ee ven ee Ou 
Max. Current into VDD pin .......... ee cecsessereeeeeees 50 mA Pedi = 0p x a1ODE 2100 2K DO-vOny </0n) 


+ %(Vol x lol) 

2. Voltage spikes below Vss at the MCLR pin, 
inducing currents greater than 80mA, may 
cause latch-up. Thus, a series resistor of 50- 


Max. Output Current sinked by any I/O pin 
Max. Output Current sourced by any I/O pin.....20 mA 
Max. Output Current sourced by a single 





I/O port (Port A, B, or C)........ seseeteeeensensansae 40 mA (000: should be “used when. applying 4 “iow 
Mie vipat Curent sikeo Dy a sare level to the MCLR pin rather than pulling this 
/O port (Port A, B, OF C) ...ccesscssescsssessssesseees 50mA P Paved 


pin directly to Vss. 








PIN DESCRIPTIONS 


Observation 



















RAO - RA3 YO PORTA 4 input/output lines 
RBO - RB7 VO PORT B 8 input/output lines 
RCO - RC7 VO PORT C 8 input/output lines, (PIC16C55/C57 only ) 


RTCC Real Time Clock/Counter Schmitt Trigger Input 

Clock input to RTCC register. Must be tied to Vss or VDD if 
not in use to avoid unintended entering of test modes and 
to reduce current consumption. 

Schmitt Trigger Input 

A "Low" voltage on this input generates a RESET condition 
for the PIC16C5x microcontroller. 

A rising voltage triggers the on-chip oscillator start-up timer 
which keeps the chip in RESET mode for about 18ms. This 
input must be tied directly, or via a pull-up resistor, to VDD. 
"XT", "HS" devices: Input terminal for crystal, ceramic 
resonator, or external clock generator. 

"RC" devices : Driver terminal for external RC combination 
to establish oscillation. 

For "XT", "HS" devices: Output terminal for crystal and 
ceramic resonator. Do not connect any other load to this 
output. Leave open if external clock generator is used. 

For "RC" devices : A "CLKOUT" signal with a frequency of 
1/4 Fosc1 is put out on this pin. 


Master Clear 


Oscillator (input) 


OSC2/CLKOUT Oscillator (output) 





Power supply 
Ground 
No (internal) Connection 
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PIC®16C5x Series 


Standard Operating Conditions 
PIC16C5x Operating temperature 


DC CHARACTERISTICS, 
POWER SUPPLY PINS | 


ria Are Pa ee ~_ 


ry i6C5xi Operating ienpe 


Characteristic Conditions 


Supply Voltage 

PIC16C5xXT (Note 3 ) Fosc = 4 MHz 
PIC16C5xRC (Note 3 ) | Fosc = 4 MHz 
PIC16C5xHS (Notes 3,8 ) Fose = 8 MHz 
PIC16C5xHS (Notes 3,8 ) ’ : Fosc = 8 MHz 


RAM Data Retention 5 Device in SLEEP mode 
Voltage (Notes 3, 4) 

Power-on trip voltage to ; at Vop pin (Note 7), MCLR pin. 
set 'TO" and "PD" status bit | tied to VoD 














Supply Current (Notes 2, 3) 

PIC16C5xXT ; . Fosc = 4 MHz, Vpp=5.5V, T = -40°C 
PIC16C5xRC (Note 6) : ; Fosc = 4 MHz , Vop=5.5V, T = -40°C 
PIC16C5xHS (Note 8) 8 Fosc = 8 MHz, Vop=5.5V, T = -40°C 




















Power Down Current 
(Notes 3, 5) 
PIC16C5x | SLEEP, All I/Os at Vpp or Vss. 
| | Vbb = 3.5V, WDT enabled, @25°C 
SLEEP, All I/Os at VpbpD or Vss. 
Vpp = 3.5V, WDT disabled, @25°C 





Note 1: Data in the column labeled "Typical" is based on characterization results at 25°C. This data is for design 
guidance only and is not tested for, or guaranteed by Microchip Technology. 

Note 2: The supply current is mainly a function of the operating voltage and frequency. Other factors such as bus 

7 loading, oscillator type, bus rate, internal code execution pattern, and temperature also have an impact on the 

current consumption. } 
a) The test conditions for all b> measurements in active operation mode are: 
OSC1=external square wave, from rail to rail; all /O pins tristated, pulled to VoD, RT = VDD, MCLR = Vpp; WOT 
enabled/disabled as specified. 
b) For stand-by current measurements, the conditions are the same, except that the device is in SLEEP mode. 

Note 3: Data include PIC16C54/PIC16C55 only. 

Note 4: This is the limit to which VoD can be lowered in SLEEP mode without losing RAM data. 

Note 5: The power down current in SLEEP mode does not depend on the oscillator type. Maximum values will be 
available when characterization of all product variants is complete. ; 

Note 6: Does not include current through Rext. The current through the resistor can be estimated by the formula 
Ir = Vpp/2Rext (mA) with Rext in kOhm. 

Note 7: Ontherising edge of VDD, when VDD exceeds Vpor the device will be in RESET until the oscillator start- “up: timer 
times out. 

Note 8: 20 MHz for future release. 
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DC CHARACTERISTICS, Standard Operating Conditions 
ALL PINS EXCEPT POWER SUPPLY _ Operating temperature -40 < Ta < +85°C, unless otherwise stated 


Characteristic Sym Typ Conditions 
(Note 1) 


Input Low Voltage — 

V/O ports VIL 0.2 Vpp Pin "tristated" 

MCLR VILMC 0.15 VoD 

RTCC | VILRT 0.15 Vbb 

OSC1 VILOSC 0.15 VDD PIC16C5xRC only! (Note 6) 

OSC1 VILOSC 0.3 VoD Driven with external clock. 
Not PIC16C5xRC. 


Input High Voltage 

/O ports VIH ; Pin "tristated"” 

MCLR VIHMC 

RTCC VIHRT 

OSC1 VIHOSC PIC16C5xRC only ! (Note 6) 

OSC1 VIHOSC 0.7 VDD Driven with external clock. 
Not PIC16C5xRC. 


input Leakage Current 
(Notes 3, 4) 
/O ports HL Vss < VPIN <VDD, 
Pin “tristated" _ 
MCLR IILMCL VPIN = VSS + 0.25V 
MCLR IILMCH VPIN = VDD 
RTCC liLRT Vss < VPIN <VDD 
OSC1 liLOSC1 Y " | Not PIC16C5xRC 





Output Low Voltage 

1/O Ports loL = 9.2 mA, VpD = 5.5V 
OSC2/CLKOUT lo. = TBD 
(PIC16C5xRC) 


Output High Voltage 

I/O Ports (Note 4, 5) IOH = -3.4 mA, VDD = 5.5V 
OSC2/CLKOUT loH = TBD 

(PIC16C5xRC) 





Note 1: Datainthe column labeled "Typical" is based on characterization results at 25 °C. This datais for design guidance 
only and is not tested for, or guaranteed by Microchip Technology. 

Note 2 : Total power dissipation as stated under absolute maximum ratings must not be exceeded. 

Note 3 : The leakage current on the MCLR pin is strongly dependent on the applied voltage level. The specified levels 
represent normal operating conditions. Higher leakage current may be measured at different 
input voltages. 

Note 4 : Negative current is defined as coming out of the pin. 

Note 5 : The maximum currents per I/O pin, port, or total device under normal operating conditions must not exceed 80% 
of the "Absolute Maximum Ratings." 

Note 6 : For PIC16C5xRC devices, the OSC1 pin is a Schmitt trigger input. 
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PIC*16C5x Series 


TYPICAL DC CHARACTERISTICS 
GRAPHS (PIC16C5x-XT, PIC16C5x-RC) 


NOTE: The following graphs are based on characteri- 


FIGURE 12: Ipp vs. VppD (NORMALIZED) zation data and are for design guidance only. Most 
graphs are normalized to the worst case conditions to 
1.0 allow easy extrapolation for different operating 


IDD 
IDb (6.0V) 


0.8 


conditions. For example, IDD max at 2.0 MHz, 5.0V 
can be derived from 3.3 mA ¢ 0.7 ¢ 0.65 = 1.5 mA. 


0.6 


0.4 


0.2 


FIGURE 13: Ipp vs. FREQUENCY 
(NORMALIZED) 





| 


IDD 


Ipb (-40°C) 


-4 
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DS30015F-24.— 
nee 4-28 


PIC®16C5x Series 


TYPICAL DC CHARACTERISTICS 
GRAPHS (PIC16C5x-XT, PIC16C5x-RC) FIGURE 15: Ipp vs. Vop (SLEEP MODE) 
(Cont.) | 


~ +/70°C 
0°C 


WDT 
ENABLED 


DISABLED 


FIGURE 16: IoL vs. VOL 
(SINGLE I/O PORT PIN) 


40 
Voo = 60v 4 


> £ 
0.0 0.2 04 £06 0.8 


NOTE: DO NOT OPERATE IN THIS AREA 
(SEE "ABSOLUTE MAX, RATINGS") 





FIGURE 17: loH vs. VOH 
(SINGLE /O PORT PIN) 
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PIC®16C5x Series 





AC CHARACTERISTICS 


Standard Conditions (unless otherwise noted) 
Operating temperature TA = -40 to +85°C 





AC CHARACTERISTICS 


Characteristic i Conditions 


Instruction cycle time : PIC16C5xXT, (Note 2) 
. : Vobp within VDDXT specification 
PIC16C5xRC, (Note 2) 
Vpp within VDDRC specification 
PIC16C5xHS, (Note 2, 4) 
VpbD within VoDHS specification 


RTCC Input Timing 

Period (TcY+20)/N external RTCC input 

High Pulse Width Tcy/2N (N = selected prescaler 
ratio) Note 3 

Low Pulse Width Tcy/2N 

Prescaler Toggling Freq. - Note 3 


Watchdog timer period/ : VppD = 5.0V, Temp. = +25° C 
Oscillator start-up timer = 
period (no prescaler) 


Data in the column labeled "Typical" is based on characterization results at 25° C. This data is for design 
guidance only and is not tested for, or guaranteed by Microchip Technology. 

Instruction cycle period (Tcy ) equals four times the input oscillator time base period. 

All specified values are based on characterization data for that particular oscillator type under standard 
operating conditions with the device executing code. Exceeding these spec. limits may result in an unstable 
oscillator operation and/or higher than expected current consumption. All devices are tested to operate at "min." 
values with an external clock applied to the OSC1 pin. 

When an external oscillator is used, the "Max." cycle time limit is "DC" (no clock) for all devices. 

The prescaler is designed as a simple ripple counter. Its maximum input frequency is theoretically only limited 
by the maximum toggling frequency of the first counter stage. However, as the prescaler output has to be 
synchronized before fed into the RTCC, FPMaAx is also a function of Tcy and the number of selected prescaler 
stages (N). Thus, the relationship 


a) ae < FPMAX must be obeyed. 


Tcy + 20 
Note 4: TCYHS min. = 0.2us for 20 MHz oscillator (future release). 


FIGURE 18: RTCC TIMING 
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PIC°16C5x Series 


AC CHARACTERISTICS (CONT.) 


FIGURE 19: OSCILLATOR START-UP TIMING (PIC16C5xRC*) 


ee ae 
MCLR 


De nS EEEEnnenememen coal 


Tost 


CLKOUT 


| 
' | 
DEVICE —————_ RESET ———~)_ FETCH 1. INSTRUCTION; _ FETCH 2. INSTRUCTION 
FUNCTION ' EXECUTE "FORCED" NOP ' EXECUTE 1. INSTRUCTION 
| 


FIGURE 20: INPUT/OUTPUT TIMING FOR I/O PORTS (PIC16C5xRC*) 


— | wl 
'Tpd iTpd | 
- I 


OUTPUT 
HIGH - Z 
T1 = 1/2 Tcy + 20 ns 
Tds = 1/4 Tcy + TBD ns * The oscillator start-up timing and the input/output timing is for all 


Tdh = Ons PIC16C5x devices the same. However, the CLKOUT signal is only 
Tpd = TBD ns available at PIC16C5xRC devices. 


FIGURE 21: TYPICAL WDT PERIOD vs. FIGURE 22: TYPICAL WDT PERIOD vs. 
TEMP. (NORMALIZED TO +25'C) Vpb (NORMALIZED TO +5.5V) 
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PIC®16C5x Series 


DEVELOPMENT SUPPORT 
PIC-ICE™ 


The PIC-ICE In-Circuit Emulation System from Micro- 
chip allows real time emulation of all chip functions with 
frequencies up to 20 MHz. Symbolic debugging, hard- 
ware breakpoints, software tracing, sample program- 


ming are just a few of the capabilities of this IBM PC - 


hosted development system. Please contact your near- 
est sales office for details. 


PICPAK DEVELOPMENT KIT 


PICPAK is a low-cost PIC Applications and develop- 
ment Kit, consisting of PICALC, PICSIM, PICPRO, and 
PIC16C54/PIC16C55 samples. 


PICALC CROSS-ASSEMBLER 


The PIC Cross Assembler PICALC is available for sev- 
eral host computer platforms, including IBM PC. Macro 
assembly and conditional asssembly are just a few of the 
Capabilities of PICALC. Besides the PIC16C5x Series, 
PICALC can also generate code for all of Microchip's 
NMOS PIC1600 microcontrollers, including the PIC165x 
and PIC167x family members. PICALC can generate 
various object code formats to support Microchip's pro- 
prietary development tools as well as third party sys- 
tems. 


PICSIM SOFTWARE SIMULATOR 


The software simulator PICSIM allows PIC16C5x code 
development on IBM PCs without any additional hard- 
ware. It simulates the PIC16C5x series on instruction 
level. Software trace, breakpoints, symbolic debugging, 
and stimulus file generation are just a few of the features 
available. PICSIM is particularly useful in the early 
development stages of an application, or when real-time 
and/or in-circuit emulation are not necessary for the 
code development. | 


PICPRO EPROM PROGRAMMER 


PICPRO is a low volume EPROM programmer for the 
PIC16C5x series. It allows downloading and pro- 
grammuming of PIC object code generated with PICALC 


from any host computer system providing a serial inter- _ 


face (RS232). 


EPROM PROGRAMMING 
PROTOTYPE PROGRAMMERS 


Microchip's proprietary PIC16C5x series Development 
System and PICPRO, were not designed for high vol- 
ume production programming but were designed strictly 
to support engineering development level programming 


| Oscillator 
Type 





of PIC16C5x EPROM and OTP units. Microchip as- 
sumes no responsibility for the replacement of program- 
ming rejects when these development tools are used to 
support high volume production level programming. 


VOLUME PROGRAMMERS 


High volume programming by the customer should be 
supported by production quality programmers from ap- 
proved third party sources. Currently the approved 
sources are Data I/O "Unisite (Site 48)" model and 
Logical Devices' "ALLPRO" model. 


Microchip assumes no responsibility for replacing defec- 
tive units related to mechanical and/or electrical prob- 
lems of any third party programming equipment or the 
improper use of such equipment. 


Programming of the code protection bit (also called 
"security bit" or "security fuse") implies that the contents 
of the PIC16C5x EPROM can no longer be verified, thus 
making programming related failure analysis an impos- 
sibility. 


Microchip warrants that PIC16C5x units will not exceed 
a programming failure rate of 1% of shipment quality. 
Programming related failures beyond this level can be 
returned for replacement, again, if the security bit has not 
been programmed. 


FACTORY PROGRAMMING 


High volume factory programming (QTP) is an available 
service from Microchip Technology. Asmail price adder 
and minimum quantity requirements apply. 


CURRENT PRODUCT AVAILABILITY 


The following selections are currently available (for the 
Part-Number coding, refer to the back-page): 


Descriptions 


RC,XT or HS 
RC,XT or HS 
RC,XT or HS 
RC,XT or HS 
RC,XT or HS 
RC,XT or HS 
(Fuse-Programmed)* 


PDIP, 0°C to +70°C 

PDIP, -40°C to +85°C 

SOIC, 0°C to +70°C 

SOIC, -40°C to +85°C 

PLCC, 0°C to +70°C 

PLCC, -40°C to +85°C 

Window CERDIP, 0°C to +70°C 


* JW has UV erasable fuses which determine 
oscillator types RC, XT or HS. 
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PIC®16C5x Series 


NOTES: 
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PIC®1 6C5x Series 


SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. For the currently available code-combinations, refer to previous page. 


PART NO. - XX X /XX XXX 


= Pattern: 3-Digit Pattern Code for QTP (blank for OTP and Window Parts) 


PDIP JW* = 
SOIC (Gull Wing Lead) S$ = 
PLCC (J Lead) 


Package: CERDIP Window 
D 


ie in Waffle Pack 


Temperature 0°C to +70°C 
Range: -40°C to +85°C 


Oscillator 

Type: XT Examples: 
HS a) PIC16C54 - XT/PXXX = "XT" oscillator, commercial 

temp., PDIP, QTP pattern 

Device: PIC16C54 b) PIC16C55 - XTI/L = "XT" oscillator, industrial 
PIC16C55 temp., PLCC (OTP device) 
PIC16C56 c) PIC16C55 - JW = Commercial temp., 
PIC16C57 CERDIP with WINDOW* 


Notes: * For UV-erasable devices, the oscillator type is RC by default ( = erased device). The user can select XT or 
HS oscillators by programming the according fuses with PICPRO. 
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® 
Microchip 


PIC1654S 


8-Bit Microcontroller 





FEATURES 


32 8-bit RAM registers 

512 x 12-bit program ROM 

Arithmetic Logic Unit 

Real Time Clock/Counter 

Self contained oscillator for crystal or 
ceramic resonator 

Access to RAM registers inherent 

to instruction 

Available in three temperature ranges: 
0° to 70°C, -40° to 85°C and -40° to 110°C 
¢ 18 pin package 

2 level stack for subroutine nesting 
Open drain option on all I/O lines 

12 bi-directional I/O lines 

2 usec instruction execution time 


DESCRIPTION 


The PIC 1654S microcontroller is a MOS/LSI device con- 
taining RAM, I/O, and a central processing unit as well 
as customer-defined ROM on a single chip. This com- 
bination produces a low cost solution for applications 
which require sensing individual inputs and controlling 
individual outputs. Keyboard scanning, display driving, 
and other system control functions can be done at the 
same time due to the power of the 8-bit CPU. 


The internal ROM contains a customer-defined program 
using the PIC'’s powerful instruction set to specify the 
overall functional characteristics of the device. The 8-bit 
input/output registers provide latched lines for interfac- 
ing to a limitless variety of applications. The PIC can be 
used to scan keyboards, drive displays, control elec- 
tronic games and provide enhanced capabilities for 
motor control, telecommunication equipment, radios, 
television, consumer appliances, industrial timing and 
control applications. The 12-bit instruction word format 
provides a powerful yet easy to use instruction repertoire 
emphasizing single bit manipulation as well as logical 
and arithmetic operations using bytes. 


PIN CONFIGURATION 
18 Lead Dual In Line 
18 Lead SOIC 


Top View 


The PIC1654S is fabricated with N-Channel Silicon 
Gate technology resulting in a high performance prod- 
uct with proven reliability and production history. Only a 
single wide range power supply is required for opera- 
tion, and an on-chip oscillator provides the operating 
clock with an external crystal or ceramic resonator to 
establish the frequency. Inputs and outputs are TTL- 
compatible. 


Extensive hardware and software support is available to 
aid the user in developing an application program and to 
verify performance before committing to mask tooling. 
Programs can be assembled into machine language 
using PICALC, a powerful macroassembler. PICALC is 
available in various versions that can be run on many 
popular computer systems. Once the application pro- 
gram is developed several options are available to 
insure proper performance. The PICES II real time In- 
Circuit Emulation System, PIC Field Demo boards (PFD), 
and the ROM-less version of the PIC1654S, the PIC 1664, 
provide all required development and debugging tools. 
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PIC1654S __ 






PIC1654S BLOCK DIAGRAM 
FILE SELECT 
; REGISTER 


(F4) 





FILES (F10s-F37e) 









GENERAL 
REGISTER 









7) 
— 
3 <x 

O RAO-3 
Ud 
: fam 
Q 
ARITHMETIC = 
LOGIC UNIT a 
i 

8 in RBO-7 
SPURL INSTRUCTION © 
2 ee DECODE & i 
CONTROL Q 

STATUS RTCC 
REGISTER (F3) REGISTER (F1) 9 
MASK PROG. CNTR. 12 


OPTION / Or, STANDARD 






OSCILLATOR 


RTCC MCLR 


OSC1 OSC2 


ARCHITECTURAL DESCRIPTION 


The firmware architecture of the PIC series microcon- 
troller is based on a register file concept with simple yet 
powerful commands designed to emphasize bit, byte, 
and register transfer operations. The instruction set also 
supports computing functions as well as these control 
and interface functions. | 


Internally, the PIC is composed of three functional ele- 


ments connected together by a single bidirectional bus: . 


the Register File composed of 32 addressable. 8-bit 
regisiers, an Ariinmeiic Logic Unii, and a user-defined 


Program ROM composed of 512 words each 12 bits in | 


width. The Register File is. divided into two functional 
groups: operational registers and general registers. The 
operational registers include, among others, the Real 
Time Clock/Counter (RTCC), the Program Counter (PC), 
the Status Register, and the I/O Registers. The general 
purpose registers are used for data and control informa- 
tion under command of the instructions. 


PROGRAM 
ROM 512 x 12 


The Arithmetic Logic Unit contains one temporary work- 
ing register (W Register) and gating to perform Boolean 
functions between data held in the working register and 
any file register. 


The Program ROM contains the operational program for 
the rest of the logic within the controller. Sequencing of 
microinstructions is controlled via the Program Counter 
(PC) which automatically increments to execute in-line 
programs. Program control operations can be performed 
by Bii Test and Skip instructions, Jump instructions, Cail 
instructions, or by loading computed addresses into the 
PC. In addition, an on-chip two-level stack is employed 
to provide easy to use subroutine nesting. Activating the 
MCLR input on power up initializes the ROM program to 
address 7778. 
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PIN FUNCTION TABLE 


OSC1 (Input), OSC2 (Output) 


RTCC (Input) 


RAO-3 (Input/Output) 


RBO-7 (Input/Output) 


MCLR (Input) 





PIC1654S 


Definition 


These pins are the time base inputs to which a crystal, ceramic resonator, or 
external single phase clock may be connected. The frequency of oscillation 
is 8 times the instruction cycle frequency. 


Real Time Clock/Counter. Used by the microprogram to keep track of elapsed 
time between events. The Real Time Clock/Counter Register increments on 
falling edges applied to this pin. This register (F1) can be loaded and read by 
the program. This is a Schmitt trigger input. A mask option will allow an 
internal clock signal whose period is equal to the instruction execution time to 
drive the real time clock counter register. In this mode, transitions in the RTCC 
pin will be disregarded. However, the pin must be tied to either Vss or VDD to 
avoid unintended test mode activation. 


4 user programmable |/O lines (F5). The four MSB's are always read as logic 
O's. All inputs and outputs are under direct control of the program. A mask 
option will allow any I/O pin at the time of ROM pattern definition to be open 
drain. 


8 user programmable |/O lines (F6). 
All inputs and outputs are under direct control of the program. A mask option 
will allow any I/O pin at the time of ROM pattern definition to be open drain. 


Master Clear. Used to initialize the internal ROM program to address 7778 
and latch all I/O registers high. Should be held low 10 - 75ms past the time 
when VDD 2 4.5V depending on the crystal start up time. 

This is a Schmitt trigger input. 

Power supply. 


Ground pin. 
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PIC1654S__ 


REGISTER FILE ARRANGEMENT 


File (Octal) 





FO 


F4 


F5 


F6 


F7-F378 


Function 


Not a physically implemented register. FO calls for the contents of the File Select Register 
(low order 5 bits) to be used to select a file register. FO is thus useful as an indirect 
address pointer. For example, W + FO — W will add the contents of the file register pointed 
to by the FSR (F4) to W and place the result in W. 


Real Time Clock/Counter Register. This register can be loaded and read by the microprogram. 
The RTCC register keeps counting up after zero is reached. The counter increments on high-to- 
low transitions on the RTCC input. However, if data is being stored in the RTCC register 
simultaneously with a negative transition on the RTCC pin, the RTCC register will contain the 
new stored value and the external transition will be ignored by the microcomputer. 





Program Counter (PC). The nine bit wide PC is automatically incremented during each instruction 
cycle, unless it is written into under program control (MOVWF F2, GOTO, CALL, ADDWF F2, 
RETLW). CALL, MOVWF2, ADDWF2 instructions write only the 8 low order bits of the PC, while’ 
the MSB is made to zero. Only the 8 low order bits of F2 can be read under program control. 


Status Word Register. F3 can be altered under program control only via bit set, bit clear, or 
MOVWF F3 instruction. 


(7) (6) (5) 4) (3) (2) (1) (0) 





C (Carry): For ADD and SUB instructions, this bit is set if there is a carry out from the most 
‘significant bit of the resultant. 

For ROTATE instructions, this bit is loaded with either the high or low order bit 
of the source. 

DC (Digit Carry): For ADD and SUB instructions, this bit is set if there is a carry out from the 4th 
low order bit of the resultant. Note that a subtraction os always executed as an 
addition of the two's complement of the second operand. 

Z (Zero): Set if the result of an Arithmetic operation is zero. 

Bits: 3-7 These bits are defined as logic ones. 


File Select Register (FSR). Low order 5 bits only are used. The FSR is used in generating 
effective file register addresses under program control. When accessed as a directly addressed 
file, the upper 3 bits are read as ones. 

I/O Register A (RAO-RA3) (RA4 - RA7 defined as zeros). 

/O Register B (RBO-RB7). 


General Purpose Registers. 


aoa tteronsnnanteraintnentnnn rt tteeeeenrsnnen etter eermmereen steerer nee ne eth eet en  teis OeNS 
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BASIC INSTRUCTION SET SUMMARY 


Each PIC instruction is a 12-bit word divided into an OP 
code that specifies the instruction type and one or more 
operands specifying the operation of the instruction. 
The following PIC instruction summary lists byte-ori- 
ented, bit-oriented, and literal and control operations. 


For byte-oriented instructions, “f" represents a file regis- 
ter designator and "d" represents a destination designa- 
tor. The file register designator specifies which one of 
the 32 PIC file registers is to be utilized by the instruction. 
The destination designator specifies where the result of 
the operation performed by the instruction is to be 
placed. If "d" is zero, the result is placed in the PIC W 
register. If "d" is one, the result is returned to the file 
register specified in the instruction. 


BYTE-ORIENTED FILE REGISTER 


Ford = 0, f - W (PICAL accepts d = 0 ord = W in the mnemonic) 


d=1,f—f (ifdis omitted, assembler assigns d = 1). 


Instruction- 
Binary (Octal) 


No Operation 


PIC1654S 


For bit oriented instructions, "b" represents a bit field 
designator that selects the number of the bit affected by 
the operation, while "f" represents the number of the file 
in which the bit is located. 


For literal and control operations, "k" represents an 
eight- or nine-bit constant or literal value. 


For an oscillator frequency of 4MHz the instruction 
execution time is 2 usec, unless a conditional test is true 
or the program counter is changed as a result of an 
instruction*. In these two cases, the instruction execu- 
tion time is 4 usec. 


* (GOTO, CALL, RETLW, MOVWF2, ADDWFe). 


(11-6) (5) (4-0) 


[OP CODET ¢ | HFILE 


Mnemonic, ; Status 
Operands Operation Affected 


NOP 


Move W to f (Note 1) 


Clear W 

Clear f 

Subtract W from f 
Decrement f 

Inclusive OR W and f 
ANDbW and f 
Exclusive OR W and f 
Add W and f 

Move f 

Complement f 
Increment f 
Decrement f, Skip to Zero 
Rotate Right f 

Rotate Left f 


Swap halves f 
Increment f, Skip if Zero 


MOVWF 


CLRW 
CLRF 
SUBWF 
DECF 
lIORWF 
ANDWF 
XORWF 
ADDWF 
MOVF 
COMF 
INCF 
DECFSZ 
RRF 
RLF 


SWAPF 
INCFSZ 


f,d 
f,d 
f,d 
f,d 
f,d 
f,d 


f,d 
f,d 


W-f 


0—W 

0—-f 

f-W—d [f + W + 13d] 
f-1—d 

Wvfd 

Wefd 

Wf—d 

W + F-9d 

fod 

fd 

f+1—d 

f - 19d, skip if Zero 
f(n)—>d(n-1), Cd(7), f(0)>C 
f(n)—>d(n + 1), Cd(0), 
{(7)C 
f(0-3)f(4-7) 9d 

f + 19d, skip if Zero 
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(11-8) (4-0) _ 


| (7-5) (4-0) 
BIT-ORIENTED FILE REGISTER OPERATIONS 


Instruction- | Mnemonic . Status 
; Operation 2 
Binary (Octal) p Name Operands P Affected 


Obb bff fff Bit Clear f BCF fb | O—f(b) 

1bb bff fff Bit Set f BSF f,b | 1—>f(b) 

Obb sb ff fff Bit Test f, skip if Clear BTFSC f,o | Bit Test f(b): skip if clear 
1bb bff fff | Bit Test f, skip if Set BTFSS f,o | Bit Test f(b): skip if set 





| (11-8) (7-0) 
LITERAL AND CONTROL OPERATIONS 














Status 
Affected 


Instruction- 
Binary (Octal) 






| Mnemonic, Operation 
Operands 


Return and place Literal in W 
Call subroutine (Note 1) 

























100 Okk kkk — kkk 
100 kk kkk | kkk 


k—w, Stack-+PC 
PC+1-Stack, k—>PC 









101 kkk kkk ~— kkk 5000 Go to address (k is 9 bits) k—PC 
Move Literal to W k—W 

110 1kk = kkk kkk 6400 Inclusive OR Literal and W kVW—W 

111. Okk kkk ~~ kkk 7000) | AND Literal and W keWW 





(4000) 
(4400) 
(5000) 
110 Okk kkk kkk = (6000) 
(6400) 
(7000) 
(7400) k®W—W 


111. 1kk = kkk kkk Exclusive OR Literal and W 


NOTES: 

1. The 9th bit of the program counter in the PIC is zero for a CALL and a MOVWF F2. Therefore, subroutines must be 
located in program memory locations 0-3778. However, subroutines can be called from.anywhere in the program 
memory since the Stack is 9 bits wide. | | 

2. When an 1/O register is modified as a function of itself, the value used will be that value present on the output pins. For 
example, an output pin which has been latched high but is driven low by an external device, will be relatched in the low 
state. 
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SUPPLEMENTAL INSTRUCTION SET SUMMARY 


The following supplemental instructions summarized 
below represent specific applications of the basic PIC 
instructions. For example, the "CLEAR CARRY" sup- 
plemental instruction is equivalent to the basic instruc- 


SUPPLEMENTAL INSTRUCTION SET SUMMARY 


000 
100 
000 
100 
001 
101 
100 
000 
100 
000 
101 
001 
000 
000 
001 
010 
000 
010 
000 
011 
000 
010 
000 
011 
kkk 
000 
kkk 
100 
kkk 
100 
kkk 
001 
kkk 
101 
kkk 
101 
kkk 
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000 
000 
100 
100 
000 
000 
000 
000 
100 
100 
000 
000 
1ff 

Off 

1ff 

dff 

000 
dff 

000 
dff 

100 
off 

100 
off 

kkk 
000 
kkk 
000 
kkk 
100 
kkk 
000 
kkk 
000 
kkk 
000 
kkk 





Instruction- 
Binary (Octal) 


011 
011 
011 
011 
011 
011 
011 
011 
011 
011 
011 
011 
fff 

fff 

fff 

fff 


fff 


fff 


fff 


fff 


Clear Carry 

Set Carry 

Clear Digit Carry 
Set Digit Carry 
Clear Zero 

Set Zero 

Skip on Carry 

Skip on No Carry 
Skip on Digit Carry 
Skip on No Digit Carry 
Skip on Zero 

Skip on No Zero 
Test File 

Move File to W 
Negate File 


Add Carry to File 

Subtract Carry from File 

Add Digit Carry to File 
Subtract Digit Carry from File 


Branch 
Branch on Carry 


Branch on No Carry 
Branch on Digit Carry 


Branch on No Digit Carry 


{| Branch on Zero 


Branch on No Zero 
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CLRC 
SETC 
CLRDC 
SETDC 
CLRZ 
SETZ 
SKPC 
SKPNC 
SKPDC 
SKPNDC 
SKPZ 
SKPNZ 
TSTF f 
MOVFW f 
NEGF f,d 


ADDCF f,d 


SUBCF f,d 


ADDDCF f,d 


SUBDCF f,d 


Bk 
BC k 


BNC k 


BDC k 


~ BNDC k 


PIC1654S 


tion BCF 3.0 ("Bit Clear, File 3, BitO"). These instruction 
mnemonics are recognized by the PIC Cross Assembler 
(PICAL). 


pemonns: Operation 
Operands P 


BCF 3, 0 
BSF 3, 0 
BCF 3, 1 
BSF 3, 1 
BCF 3, 2 
BSF 3, 2 
BTFSS 3, 0 
BTFSC3, 0 
BTFSS 3, 1 
BTFSC 3,1 
BTFSS 3, 2 
BTFSC3, 2 
MOVF f, 1 
MOVF f, 0 
COMF f, 1 
NCFf,d 
BTFSC 3,0 
INCF f,d 
BTFSC 3, 0 


‘DECF f,d 


BTFSG 3, 1 
INCF f,d 
BTFSC 3, 1 
DECF f,d 
GOTO k 
BTFSC 3, 0 
GOTO k 
BTFSS 3, 0 
GOTO k 
BTFSC 3, 1 
GOTO k 
BTFSS 3, 1 


- GOTO k 


BTFSC 3,2 
GOTO k 
BTFSS 3, 2 
GOTO k 
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//O INTERFACING 


The equivalent circuit for an I/O port bit is shown below 
as it would interface with either the input of a TTL device 
(PIC is outputting) or the output of an open collector TTL 
device (PIC is inputting). Each I/O port bit can be 
individually time multiplexed between input and output 
functions under software control. When outputting 
through a PIC I/O Port, the data is latched at the port and 



















Dy 
(INTERNAL 
DATA BUS) 





WRITE 
(INTERNAL 
SIGNAL) 


(INTERNAL 
SIGNAL) 


PROGRAMMING CAUTIONS 


The use of the bidirectional 1/O ports are subject to 
certain rules of operation. These rules must be carefully 
followed in the instruction sequences written for 1/O 
operation. 


BIDIRECTIONAL I/O PORTS 


The bidirectional ports may be used for both inut and 
output operations. For input operations these ports are 
non-latching. Any input must be present until read by an 
input instruction. The outputs are latched and remain 
unchanged until the output latch is rewritten. For use as 
an input port the output latch must be set in the high 
state. Thus the external device inputs to the PIC circuit 


by forcing the latched output line to the low state or | 


keeping the latched output high. This principle is the 
same whether operating on individual bits or the entire 
port. 


TYPICAL INTERFACE-BIDIRECTIONAL I/O LINE 





PIC I/O BIT [ (OPEN COLLECTOR) 


NOTE: TRANSISTOR Qi CAN BE REMOVED PER MASK OPTION TO FORM AN OPEN-DRAIN OUTPUT. 


the pin can be connected directly to a TTL gate input. . 
When inputting data through an I/O Port, the port latch 
must first be set to a high level under program control. 
This turns off Q,, allowing the TTL open collector device 
to drive the pad, pulled up by Q,, which can source a 
minimum of 100uA.. Care, however, should be exer- 
cised when using open collector devices due to the 
potentially high TTL leakage current which can exist in 
the high logic state. 







TTL DEVICE OUTPUT 


Some instructions operate internally as input followed by 


Output operations. The BCF and BSF instructions, for 


example, read the entire port into the CPU, execute the 
bit operation, and re-output the result. Caution must be 
used when using these instructions. As an example a 
BSF operation on bit 5 of F6 (port RB) will cause all eight 
bits of F6 to be read into the CPU. Then the BSF 
operation takes place on bit 5 and F6 is re-output to the 
output latches. If another bit of F6 is used as an inut (Say 
bit 0) then bit 0 must be latched high. If during the BSF 
instruction on bit 5 an external device is forcing bit 0 to 
the low state then the input/output nature of the BSF 
instruction will leave bit 0 latched low after execution. In 
this state bit 0 cannot be used as an input until it is again 
latched high by the programmer. Refer to the examples 
on the next page. 
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Successive Operations on Bidirectional 
I/O Ports 


Care must be exercised if successive instructions oper- 
ate on the same I/O port. The sequence of instructions 
should be such to allow the pin voltage to stabilize (load 
dependent) before the next instruction which causes 


EXAMPLE 1 


aa: Sain 


OUTPUT INPUT 


What is thought to be happening: 
BSF 6,5 


Read into CPU: 
Set bit 5: 
Write to F6: 


00001111 
00101111 
00101111 


If no inputs were low during the instruction 
execution, there would be no problem. 








PIC1654S 


that file to be read into the CPU (MOVF, BIT SET, BIT 
CLEAR, and BIT TEST) is executed. Otherwise, the 
previous state of that pin may be read into the CPU 
rather than the new state. This will happen if tod (See I/ 
O Timing Diagram) is greater than 1/4tcy (min). When 
in doubt, it's better to separate these instructions with a 
NOP or other instruction. 


EXAMPLE 2 


Sy eee 


OUTPUT INPUT 


What could happen if an input were low: 
BSF 6,5 


Read into CPU: 
Set bit 5: 
Write to F6: 


00001110 
00101110 
00101110 


In this case bit 0 is now latched low and is 
no longer useful as an input until set high 
again. 
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ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 

Ambient temperature under bias.. Cveuteenseeosacancsutce 125°C 
Storage Temperature .........ccce - 55°C to +150°C ~ 
Voltage on any pin with respect to Vss (except open 
AMIN), ss cstitesho dens ei eden -0.3V to + 9.0V 
Voltage on any pin with respect to Vss (open drain) 

diate Sea fab intact States caer en eater tenth renee -0.3V to + 13V 
Power Dissipation (Note 1) ...........ceeceeeeeeeeees 800mW 









DC CHARACTERISTICS - PIC16C54S 
Operating temperature TA = 0°C to + 70°C 





























Power Supply Voltage 
Primary Supply Current 


Input Low Voltage 
Input High Voltage (except 
MCLR, RTCC & OSC1) 
Input High Voltage 
(MCLR, RTCC & OSC1) 
Output High Voltage 














Output Low Voitage 

(1/O only) 

Input RTCC Current 

Input Leakage Current (MCLR) 
Output Leakage Current 

(open drain pins) 

Input Low Current 

(all 1/O ports) 

Input High Current 

(all 1/O ports) 





+ Typical data is at Ta = 25°C, Vpp = 5.0V. 










| NOTES: 
1. Total power dissipation for the package is calcu- 
lated as follows: 
Pp = (VDD) (IDD) + X(VDD - VIL) (iIOHI) + X(VOL) 
(lOL). 
The term I/O refers to all interface pins; input, 
output or I/O. 
2. Positive current indicates current into pin. 
Negative current indicates current out of pin. 


* Exceeding these ratings could cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of this device at these conditions is 
not implied. Operating ranges.are specified in Standard 
Conditions. Exposure to absolute maximum rating 
conditions for extended periods may affect device relia- 
bility. 


Data labeled "typical" is presented for design guidance 
only and is not guaranteed. 








All I/O pins @ Vop (See 

Primary Supply Current 

Chart for additional 
information). 


(Note 4) 

IOH = -100uA provided by 
internal pullups (Note 2) 
loL = -1.6mA, (Note 3) 


Vss < VIN < VoD 
Vss < VIN < VDD 
Vss < VPIN < 12V 


ViL = 0.4V (internal pullup) 


VIH = 2.4V 


3. Total lot for all output pins must not exceed 175 
mA. 

4. Instantaneous voltage on the RTCC and MCLR 
input must not exceed VpbD + 1V otherwise the test 
mode may be entered. If the RTCC pin is not used 
in an application it must be tied to VSs or VpbD. 
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DC CHARACTERISTICS-PIC1654S-I 
Operating temperature TA = -40°C to + 85°C 


Characteristic 


Power Supply Voltage 
Primary Supply Current 


Input Low Voltage 

Input High Voltage (except 
MCLR, RTCC & OSC1) 
Input High Voltage 
(MCLR, RTCC & OSC1) 
Output High Voltage 


Output Low Voltage 

(I/O only) 

Input RTCC Current 

Input Leakage Current (MCLR) 
Output Leakage Current 

(open drain pins) 

Input Low Current (all I/O ports) 


Input High Current (all I/O ports) 


t Typical data is at TA = 25°C, VbD = 5.0V. 


NOTES: 
1. Total power dissipation for the package is calcu- 
lated as follows: 
Pp = (VDD) (IDD) + &(VDD - VIL) (iliL1) + &(VDD - VOH) 
(lon!) + X(VOL) (IOL) 
. Positive current indicates current into pin. 


Negative current indicates current out of pin. 


Tet | Max 
7.0 


PIC1654S 


All I/O pins @ VopbD (See 
Primary Supply Current 
Chart for additional 
information). 


(Note 4) 

IOH = -100uA provided by 
internal pullups (Note 2) 
loL = -1.6mA (Note 3) 


Vss < VIN. < VDD 
Vss < VIN. < VDD 
Vss < VPIN <s 9V 


Vit = 0.4V(internal pullup) 
TA =0°C to 85°C 
VIH = 2.4V 





3. Total lot for all output pins must not exceed 175 


mA. 


4. Instantaneous voltage on the RTCC and MCLR 
input must not exceed VDD + 1V otherwise the test 
mode may be entered. Ifthe RTCC pin is not used 
in an application, it must be tied to Vss or Vpp. 
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DC CHARACTERISTICS - PIC1654S-H 
Operating temperature TA = -40°C to + 110°C 


er ee 
ew een a eet | EERE EK I ee 
4.5 5.5 





Power Supply Voltage VDD 

Primary Supply Current IDD All 1/0 pins @ VbD (See 
Primary Supply Current Chart 

| | for additional information). 

Input Low Voltage 

Input High Voltage (except 

MCLR, RTCC & OSC1) 

Input High Voltage 

(MCLR, RTCC & OSC1) (Note 4) 

Output High Voltage IOH = -100uA provided by 
internal pullups (Note 2) 

Output Low Voltage (I/O only) loL = -1.6mA (Note 3) 

Input RTCC Current Vss < VIN < VbD 


Input Leakage Current (MCLR) | Vss < VIN < VbD 


Output Leakage Current Vss < VPIN < 9V 

(open drain I/O pins) | | 

Input Low Current (all I/O ports) Vit = 0.4V(internal pullup) - 
TA =0°C to 110°C 

Input High Current (all I/O ports) VIH = 2.4V 


t Typical data is at TA = 25°C, Vpbp = 5.0V. 


NOTES: 
1. Total power dissipation for the package is calcu- 3. Total lot for all output pins must not exceed 17 
lated as follows: | 5mA. 
Pp =(Vbb) (Ipb) + ©(Vpp - VIL) (iliL!) + ©(VDD - Vou) 4. Instantaneous voltage on the RTCC and MCLR 
(1IOHI) + &(VOL) (IOL). input must not exceed VbD + 1V otherwise the test 
. Positive current indicates current into pin. mode may be entered. If the RTCC pin is not used 
Negative current indicates current out of pin. in an application, it must be tied to Vss or VbD. 


A te tr 
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AC CHARACTERISTICS - PIC1654S 
Operating temperature TA = 0°C to + 70°C 
-40°C to +85°C and -40°C to + 110°C 


Characteristic 
tCY 


Instruction Cycle Time 0.8 MHz - 4.0MHz external 
time base (Notes 1 and 2) 
RTCC Input 

Period tcy = 0.2us- 

High Pulse Width 1/2 tRT 


Low Pulse Width 1/2 tRT 


NOTES: 

1. Instruction cycle period (tcy) equals eights times the input oscillator time base period. 

2. The oscillator frequency may deviate to 4.08MHz to allow for tolerance of a crystal or ceramic resonator 
time base element. 

3. The maximum frequency which may be input to the RTCC pin is calculated as follows: 


{ 1 
f(max) = tRT (min) tCY (min) + 0.2us 


1 
For example: if tcy = 4s, f(max) = ae 238KHz. 


4.2u 


RTCC TIMING | 
k_—  tatH ———9¢@#+___- tnt ——] 
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OSCILLATOR OPTIONS (TYPICAL CIRCUITS) (Cont.) 


CRYSTAL INPUT OPERATION 
20pF 


OSC1 (PIN 16) 


XTAL* PARALLEL 


] T RESONANT) 
ae OSC2 (PIN 15) 


aes 


* Or ceramic resonator 


EXTERNAL CLOCK INPUT OPERATION 


Vob 


ee 
CLOCK FROM S | 
EXTERNAL SYSTEM OSC1 (PIN 16) 


NC ———— _ OSC2 (PIN 15) 





PRIMARY SUPPLY CURRENT AT SELECTED TEMPERATURES 


PIC1654S 
P 4S-H 
PIC1654S-I caine 
Eaocae Typ_| Max_ 
58 






















Characteristic Conditions 


-40°C, All I/O pins at Vop 
0°C, All I/O pins at Vbb 
70°C, All 1/0 pins at Vop 
85°C, All I/O pins at Vob 
110°C, All /O pins at Vop 


Units 
Bos ee ee a ae ee ee te A od 


eee 
40 48 mA 
35 44 54 mA 
24 45 39 49 mA 
22 42 36. 46 mA 
- = 30 40 mA 










Primary Supply Current 
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MASTER CLEAR (TYPICAL CIRCUIT) 


VpD 
Rext 3 R< 100K 
< 


Cext 0.1uF 
a= 


Typical Values 
R (PIN 4) R = 100K 
C =0.1uf 


The MCLR pin must be pulsed low for a minimum of one 
complete instruction cycle (tcy) for the master clear function 
to be guaranteed, assuming that power is applied and the 
oscillator is running. For initial power application, a delay is 
required for the external oscillator time base element to start 
up before MCLR is brought high. To achieve this, an 
external RC configuration, as shown, can be used. This 
provides approximately a 10ms delay (assuming Vpp is 
applied as a step function), which may be insufficient for 
some time base elements. Consult the manufacturer of the 
time base element for the specific start-up times. 


OUTPUT SINK CURRENT GRAPH (TYPICAL) 


bal 
eee dace eeeeee 
Hoist tt tt 


ACCC} 


VOL (volts) 


loL VS VoL 
TA = 25°C, Vpp = 5.0V 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the — 
factory or the listed sales offices. 





PART NUMBERS 


PIC1654S -H /P X 





| Pattern 3-Digit Pattern Code 


Package P Plastic DIP 
*SO SOIC (Gull Wing Lead) 
*L PLCC (J Lead) 
Temperature Blank 0°C to +70°C 
‘Range I -40°C to +85°C 
H -40°C to +110°C 


Device PIC1654S 


Notes: “SOIC and PLCC available in Commercial Temperature (0°C to +70°C) only 
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PIC1655 





8-Bit Microcontroller 





FEATURES 


¢ User programmable 

Intelligent controller for stand-alone applications 

32 8-bit RAM registers 

¢ 512 x 12-bit program ROM 

Arithmetic Logic Unit 

¢ Real Time Clock/Counter 

External or RC input oscillator mask option 

* Self-contained oscillator 

Access to RAM registers inherent in instruction 

¢ Wide power supply operating range (4.5V to 7.0V) 

¢ Available in three temperature ranges: 0° to 70°C, 
-40° to 85°C and -40° to 110°C 

¢ 4 inputs, 8 outputs, 8 bi-directional I/O lines 

¢ 2 level stack for subroutine nesting 


DESCRIPTION 


The PIC®1655 microcontroller is an MOS/LSI device 
containing RAM, I/O, and a central processing unit as 
well as customer-defined ROM on a single chip. This 
combination produces a low cost solution for applica- 
tions which require sensing individual inputs and con- 
trolling individual outputs. Keyboard scanning, display 
driving, and other system control functions can be done 
at the same time due to the power of the 8-bit CPU. 


The internal ROM contains a customer-defined program 
using the PIC's powerful instruction set to specify the 
overall functional characteristics of the device. The 8-bit 
input/output registers provide latched lines for interfac- 
ing to a limitless variety of applications. The PIC can be 
used to scan keyboards, drive displays, control elec- 
tronic games and provide enhanced capabilities for 
motor controls, telecommunication equipment, radios, 
television, consumer appliances, industrial timing and 
control applications. The 12-bit instruction word format 
provides a powerful yet easy to use instruction repertoire 
emphasizing single bit manipulation as well as logical 
and arithmetic operations using bytes. 


The PIC 1655 is fabricated with N-Channel Silicon Gate 
technology resulting in a high performance product with 
proven reliability and production history. Only a single 
wide range power supply is required for operation, and 
an on-chip oscillator provides the operating clock with 
only an external RC network (or buffered crystal oscilla- 
tor signal, for greater accuracy) to establish the fre- 
quency. Inputs and outputs are TTL-compatible. 


PIN CONFIGURATION 


28 LEAD DUAL INLINE 
Top View 


e 
—_ 


2 
3 
4 
5 
6 
7 
8 
9 
{ 
1 
1 
1 
1 


0 
1 
2 
3 
Ass 





Extensive hardware and software support is available to 
aid the user in developing an application program and to 
verify performance before committing to mask tooling. 
Programs can be assembled into machine language 
using PICALC, a powerful macroassembler. PICALC is 
available in a MS-DOS version that can be run on an 
IBM PC or compatible computer system. Once the ap- 
plication program is developed several options are 
available to insure proper performance. The PIC's 
operation can be verified in any hardware application by 
using the PIC1664. The PIC1664 is a ROMless PIC 
microcomputer with additional pins to connect external 
PROM or RAM and to accept HALT commands. The 
PFD1000 Field Demo System is available containing a 
PIC1664 with sockets for erasable CMOS PROM's. 
Finally, the PICES II (PIC In-Circuit Emulation System) 
provides the user with emulation and debugging capa- 
bility in either a stand-along mode or operation as a 
peripheral to a larger computer system. Easy program 
debugging and changing is facilitated because the user's 
program is stored in RAM. With these development 
tools, the user can quickly and confidently order the 
masking of the PIC's ROM and bring his application into 
the market. 
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ARCHITECTURAL DESCRIPTION 


The firmware architecture of the PIC series microcon- 
troller is based on a register file concept with simple yet 
powerful commands designed to emphasize bit, byte, 
and register transfer operations. The instruction set 
also supports computing functions as well as these 
control and interface functions. 


Internally, the PIC is composed of three functional 
elements connected together by a single bidirectional 
bus: the Register File composed of 32 addressable 8- 
bit registers, an Arithmetic Logic Unit, and a user- 
defined Program ROM composed of 512 words each 12 
bits in width. The Register File is divided into two 
functional groups: operational registers and general 
registers. The operational registers include, among 
others, the Real Time Clock Counter (PC), the Status 
Register, and the I/O Registers. The general purpose 
registers are used for data and control information 
under command of the instructions. 


PIC1655 BLOCK DIAGRAM 


FILE SELECT 
REGISTER 
(F4) 


W REGISTER 


ARITHMETIC 
‘LOGIC UNIT 


FILES (F10-F37) 


The Arithmetic Logic Unit contains one temporary work- 
ing register or accumulator (W Register) and gating to 


- perform Boolean functions between data held in the 


working register and any file register. 


The Program ROM contains the operational program for 
the rest of the logic within the controller. Sequencing of 
microinstructions is controlled via the Program Counter 


_ (PC) which automatically increments to execute in-line 


programs. Program control operations can be performed 
by Bit Test and Skip instructions, Jump instructions, Call 
instructions, or by loading computed addresses into the 
PC. In addition, an on-chip two-level stack is employed 
to provide easy to use subroutine nesting. Activating the 
MCLR input on power up initializes the ROM program to 
address 7778. 


GENERAL 
REGISTER 


REG C (F7) | REG B (F6)| REG A (F5) 


2 LEVEL INSTRUCTION 
S eeACK DECODE & 
CONTROL 


PROG. CNTR. 
(F2) 
PROGRAM 
ROM 512 x 12 


STATUS | RTCC 
REGISTER (F3) | | REGISTER (F1) 





DS30006B-2 ‘4-50 © 1990 Microchip Technology Inc. 


PIC1655 


PIN FUNCTION TABLE 


Name 


OSC1 (Input) 


RTCC (Input) 


RAO-3 (input) 
RBO-7 (output) 
RCO-7 (input/output) 


MCLR (input) 


CLKOUT (output) 


TEST 
Vpp 
VXX 


Vss 


Function 


Oscillator input. This signal can be driven by an external oscillator if a precise frequency 
of operation is required or an external RC network can be used to set the frequency of 
operation of the internal clock generator. This is a Schmitt trigger input. 


Real Time Clock Counter. Used by the microprogram to keep track of elapsed time 

between events. The RTCC register increments on falling edges applied to this pin. 

This register can be loaded and read by the program. This is a Schmitt trigger input. 
4 input lines. 

8 output lines. 

8 user programmable input/output lines. 

Master Clear. Used to initialize the internal ROM program to address 7778 and latch 
all 1/O register high. Should be held low at least 1 ms past the time when the power 


supply is valid. This is a Schmitt trigger input. RAM registers are not initialized by 
Master Clear 


_ Asignal derived from the internal oscillator. Used by external devices to synchronize 


themselves to PIC timing. 
Used for testing purposes only. Must be grounded for normal operation. 


Primary power supply. 


Output Buffer power supply. Used to enhance output current sinking capability. 


Ground. 
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REGISTER FILE ARRANGEMENT 


File 


(Octal) Function 


FO Not a physically implemented register. FO calls for the contents of the File Select Register (low order 5 bits) to be used to select a 
file register. FO is thus useful as an indirect address pointer. For example, W + FO — W will add the contents of the file register 
pointed to by the FSR (F4) to W and place the result in W. 


Real Time Clock Counter Register. This register can be loaded and read by the microprogram. The RTCC register keeps counting 
up after zero is reached. The counter increments on the falling edge of the input RTCC. However, if data is being stored in the 
RTCC register simultaneously with a negative transition on the RTCC pin, the RTCC register will contain the new stored value and 
the external transition will be ignored by the microcomputer. | 


Program Counter (PC). The PC is automatically incremented during each instruction cycle, and can be written into under program 
control (MOVWF F2). The PC is nine bits wide, but only its low order 8 bits can be read under program control. 


Status Word Register. F3 can be altered under program control only via bit set, bit clear, or 


(7) (6) (6) () (@) (@) @) (©) 


MOVWF F3 instruction. 


C (Carry): For ADD and SUB instructions, this bit is set if there is a carry out from the most significant bit 
of the resultant. 
For ROTATE instructions, this bit is loaded with either the high or low order bit of the source. 
DC (Digit For ADD and SUB instructions, this bit is set if there is a carry out from the 4th 
Carry): low order bit of the resultant. 
Z (Zero): Set if the result of an Arithmetic operation is zero. 
Bits: 3-7 These bits are defined as logic ones. 


File Select Register (FSR). Low order 5 bits only are used. The FSR is used in generating effective file register addresses under 
program control. When accessed as a directly addressed file, the upper 3 bits are read as ones. 


Input Register A (A0-A3) (A4 - A7 defined as zeros). 
Output Registers B (B0-B7}. 
/O Register C (C0-C7). 


General Purpose Registers. 





BASIC INSTRUCTION SET SUMMARY register. If "d" is one, the result is returned to the file 
register specified in the instruction. 

Each PIC instruction is a 12-bit word divided into an OP 

code that specifies the instruction type and one or more 

operands specifying the operation of the instruction. 

The following PIC instruction summary lists byte-ori- 

ented, bit-oriented, and literal and control operations. 


For bit oriented instructions, "b" represents a bit field 
designator that selects the number of the bit affected by 
the operation, while "f" represents the number of the file 
in which the bit is located. 


For literal and control operations, "k" represents an 


For byte-oriented instructions, "f" represents a file regis- eight- or nine-bit constant or literal value. 


ter designator and "d" represents a destination designa- 





tor. The file register designator specifies which one of For an oscillator frequency of 1 MHz the instruction 
the 32 PIC file registers is to be utilized by the instruction. execution time is 4 psec, unless a conditional testis true 
The destination designator specifies where the result of or the program counter is changed as a result of an 
the operation performed by the instruction is to be instruction. In these cases, the instruction execution 
placed. If "d" is zero, the result is placed in the PIC W time is 8 psec. 
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BYTE-ORIENTED FILE REGISTER OPERATIONS (11-6) (5) (4-0) 
For d = 0,f > W(PICAL accepts d = 0 or d = Win the mnemonic) | OPCODE| d | f(FILE #) | 


d=1,f—>f (ifdis omitted, assembler assigns d = 1). 


INSTRUCTION- MNEMONIC, OPERATION STATUS 
BINARY (Octal) OPERANDS AFFECTED 
ear a ence ener WIE SEES (fis Danae nee AE EA ES 


No Operation NOP - 


Move W to f (Note 1) MOVWF Wf 


Clear W CLRW 0—W 

Clear f CLRF 0->f 

Subtract W from f SUBWE f-W-d [f+ W + 13d] 

Decrement f DECF f-1d 

Inclusive OR W and f lIORWF Wvf—d 

ANDbW and f ANDWF W-f—d 

Exclusive OR W and f XORWF W © fd 

Add W and f ADDWF W + Fd 

Move f MOVF fd | fod 

Complement f COMF f,d | fod 

Increment f INCF fd | f+1-d 

Decrement f, Skip to Zero| DECFSZ f,d | f- 1-34, skip if Zero 

Rotate Right f RRF f,d | f(n)—-d(n-1), C-d(7), f(0)-C 

Rotate Left f RLF f,d | f(n)->d(n + 1), C>d(0), 
{(7)>C 

Swap halves f SWAPF _ fd | (0-3) < f(4-7)d 

Increment f, Skip if Zero INCFSZ_f,d | f+ 1-54, skip if Zero 





BIT-ORIENTED FILE REGISTER OPERATIONS (11-8) (7-5) (4-0) 
b (BIT #) | f(FILE #) 


INSTRUCTION- MNEMONIC, OPERATION STATUS 


BINARY (Octal) OPERANDS AFFECTED 


(2000) | Bit Clear f BCF f,b | O-f(b) 

(2400) | Bit Setf BSF f,b | 1-f(b) 

(3000) | Bit Test f, skip if Clear BTFSC f,o | Bit Test f(b): skip if clear 
(3400) | Bit Test f, skip if Set BTFSS f,b | Bit Test f(b): skip if set 





LITERAL AND CONTROL OPERATIONS (11-8) (7-0) 
| k (LITERAL) 


INSTRUCTION- MNEMONIC, OPERATION STATUS 
BINARY (Octal) OPERANDS AFFECTED 
a a i 


100 Okk Return and place Literal in W k—w, Stack—PC 
100 1kk Call subroutine (Note 1) PC + 1— Stack, k>PC 


101. kkk Go to address (k is 9 bits) k—>PC 

110 Okk Move Literal to W k—W 

110 ikk Inclusive OR Literal and W kv W>W 
111. okk AND Literal and W k» WW 
111. 1kk Exclusive OR Literal and W k ® W>W 





NOTES: 

1. The 9th bit of the program counter in the PIC is zero or a CALL and a MOVWF F2. Therefore, subroutines must be located in program 
memory locations 0-3778. However, subroutines can be called from anywhere in the program memory since the Stack is 9 bits wide. 

2. When an I/O register is modified as a function of itself, the value used will be that value present on the pins. For example, an output 
pin which has been latched high but is driven low by an external device, will be relatched in the low state. See example 2 on page 7. 
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/O INTERFACING 


The equivalent circuit for an I/O port bit is shown below 
as it would interface with either the input of a TTL device 
(PIC is outputting) or the output of an open collector TTL 
device (PIC is inputting). Each I/O port bit can be 
individually time multiplexed between input and output 
functions under software control. When outputting 
through a PIC I/O Port, the data is latched at the port and 


TYPICAL INTERFACE-BIDIRECTIONAL 1/O LINE 


Dn 
(INTERNAL 
DATA BUS) WRITE 
(INTERNAL 
SIGNAL) 


(INTERNAL 


SIGNAL) 


PIC 1/0 BIT 


the pin can be connected directly to a TTL gate input. 
When inputting data through an I/O Port, the port latch 
must first be set to a high level under program control. 
This turns off Q2, allowing the TTL open collector device 
to drive the pad, pulled up by Q1, which can source a 
minimum of 100A. Care, however, should be exer- 
cised when using open collector devices due to the 
potentially high TTL leakage current which can exist in 
the high logic state. 


TL DEVICE INPUT 


SSS = 


| TTL DEVICE OUTPUT 
(OPEN-COLLECTOR) 





Note: Qi can be disconnected via mask option to form an "open drain" pin. 


Bidirectional I/O Ports 


The bidirectional ports may be used for both inut and 
output operations. For input operations these ports are 
non-latching. Any input must be present until read by an 
input instruction. The outputs are latched and remain 
unchanged until the output latch is rewritten. For use as 
an input port the output latch must be set in the high 
state. Thus the external device inputs to the PIC circuit 
by forcing the latched output line to the low state or 
keeping the latched output high. This principle is the 
same whether operating on individual bits or the entire 
port. 


Some instructions operate internally as input followed by 
output operations. The BCF and BSF instructions, for 


example, read the entire port into the CPU, execute the 
bit operation, and re-output the result. Caution must be 
used when using these instructions. As an example a 
BSF operation on bit 5 of F7 (port RC) will cause all eight 
bits of F7 to be read into the CPU. Then the BSF 
operation takes place on bit 5 and F7 is re-output to the 
output latches. If another bit of F7 is used as an inut (say 
bit 0) then bit O must be latched high. If during the BSF 
instruction on bit 5 an external device is forcing bit 0 to 
the low state then the input/output nature of the BSF 
instruction will leave bit 0 latched low after execution. In 
this state bit 0 cannot be used as an input until it is again 
latched high by the programmer. Refer to the examples 
below. 
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Input Only Port: (Port RA) 


The input only port of the PIC1655 consists of the four 
LSB's of F5 (port RA). An internal pull-up device is 
provided so that external pull-ups on open collector logic 
are unnecessary. The four MSB's of this port are always 
read as zeros. Output operations to F5 are not defined. 
Note that the BTFSC and BTFSS instructions are input 
only operations and so can be used with F5. Also, file 
register instructions which leave the results in W can be 
used. 


Output Only Port: (Port RB) 


The output only port of the PIC1655 consists of F6 (port 
RB). This port contains no input circuitry and is therefore 
not capable of instructions requiring an input followed by 
an output operation. The only instructions which can 
validly use F6 are MOVWF and CLRF. 


EXAMPLE 1: 


eS 
\ 


| x 
Pee se ee 
ee ey 


OUTPUT INPUT 


What is thought to be happening: 
BSF 7,5 


Read into CPU: 
Set bit 5: 
Write to F7: 


00001111 
00101111 
00101111 


If no inputs were low during the instruction 
execution, there would be no problem. 








PIC1655 


Successive Operations on Bidirectional I/O 
Ports 
Care must be exercised if successive instructions 


operate on the same I/O port. The sequence of instruc- 
tions should be such to allow the pin voltage to stabilize 
(load dependent) before the next instruction which causes 
that file to be read into the CPU (MOVF, BIT SET, BIT 
CLEAR, and BIT TEST) is executed. Otherwise, the 
previous state of that pin may be read into the CPU 
rather than the new state. This will happen if tpd (See 1.0 
Timing Diagram) is greater than 1/4tcy (min). When in 
doubt, it is better to separate these instructions with a 
NOP or other instruction. 7 


EXAMPLE 2: 


a 
AN 


| y 
F7{9}o]olojtfr}4{s | 
Se Se 


OUTPUT INPUT 


What could happen if an input were low: 
BSF 7,5 


Read into CPU: 
Set bit 5: 
Write to F7: 


In this case bit 0 is now latched low and is 
no longer useful as an input until set high 
again. 


00001110 
00101110 
00101110 


Ns Sr sh yA tO 
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ELECTRICAL suena | *Notice: Stresses above those listed under "Maximum 


| Ratings" may cause permanent damage to the device. 
seaviniuen Ratings* This is a stress rating only and functional operation of the - 


device at those or any other conditions above those 


Ambient temperature under bias bia sae heures 125°C indicated in the operation listings of this specification is 
Storage Temperature ..........eceeeee - 55°C to +150°C not implied. Exposure to maximum rating conditions for 
Voltage on any pin with respect extended periods may affect device reliability. 

C6 "Lc ae -0.3V to + 10.0V | 

Power Dissipation (Note 1) .............cccceeeseee 1000mW 












DC CHARACTERISTICS /PIC1655 Operating temperature TA = 0°C to + 70°C 


erie Sym [in [yet woe [unte [cons 















































Primary Supply Voltage Vcc 4.5 7.0 V 

Output Buffer Supply Voltage VXxX 4.5 - 10.0 V (Note 2) 

Primary Supply Current IDD - 30 | 65 mA All 1/0 pins @ Vpp (Note 6) 

Output Buffer Supply Current Ixx - 1 5 mA All 1/O pins @ Vpp (Note 3) 

Input Low Voltage VIL -0.2 - 0.8 V 

Input High Voltage (except 

MCLR, RTCC & OSC) VIH 2.4 - VDD V 

Input High Voltage 

(MCLR, RTCC & OSC) VILH Vop-1] - VDD V 

Output High Voltage VOH 2.4 - VDD V lOH = -100uA (Note 4) 
3.5 - VDD V lOH = 0 

Output Low Voltage VOL1 - - 0.45 V loL = -1.6mA, Vxx = 4.5V 

(I/O only) - - 0.90 V loL = 5.0mA, Vxx = 4.5V 

| - : 0.90 V loL = 5.0mA, Vxx = 8.0V 
- - 1.20 V loL = 10.0mA, Vxx = 8.0V 
- - 2.0 V loL = 20.0mA, Vxx = 8.0V 
(Note 5) 

Output Low Voltage VOL2 - - 0.45 V loL = -1.6mA, (Note 5) 

(CLK OUT) | 

Input Leakage Current ILC <5 - +5 uA Vss < VIN < VDD 

(MCLR, RTCC) | 

Leakage Current lOLC - - 10 WA Vss < VPIN < 10V 

(open drain I/O pins) | | 

Input Low Current HL - 0.2 -0.6 | -1.6 mA ViL = 0.4V internal pullup 

(all I/O ports) 

Input High Current NH - 0.1 -0.4 | -1.4 mA VIH = 2.4V 

(all I/O ports) 














t Typical data is at TA = 25°C, Vop = 5.0V. 





NOTES: 







1. Total power dissipation for the package is calcu- 4. Positive current indicates current into pin. 
lated as follows: | Negative.current indicates current out of pin. 
Pp = (VDD) (ID) + >(VbD - VIL) oi + 2(VOL) 5. Total lot for all output pins (I/O ports plus CLK 
(lOL). OUT) must not exceed 225mA. 
The term I/O refers to all interface pins; input, 6. See Primary Supply current Chart for additional 
output or I/O. | information. 


2. VXx supply drives only the I/O ports. 
3. The maximum Ixx current will be drawn when all, 
_ \/0 ports are outputting a High. 
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DC CHARACTERISTICS/PIC1655I 


Characteristic / sym | 


Primary Supply Voltage VDD 
Output Buffer Supply Voltage Vxx 
Primary Supply Current 

Output Buffer Supply Current Ixx 
Input Low Voltage VIL 
Input High Voltage (except 

MCLR, RTCC & OSC) 

Input High Voltage 

(MCLR, RTCC & OSC) 

Output High Voltage 


Output Low Voltage 
(I/O only) 


Output Low Voltage 
(CLK OUT) 

Input Leakage Current 
(MCLR, RTCC) 
Leakage Current 
(drain I/O pins) 

Input Low Current 

(all I/O ports) 

Input High Current 

(all I/O ports) 





Tt Typical data is at TA = 25°C, VbpD = 5.0V. 


NOTES: 
1. Total power dissipation for the package is calcu- 
lated as follows: 
Pb = (VDD) (IDD) + X(VobD - VIL) (IIOHI) + X(VOL) 
(1OL). 
The term I/O refers to all interface pins; input, 
output or I/O. 
. VXxX supply drives only the I/O ports. 
. The maximum [xx current will be drawn when all 
I/O ports are outputting a High. 
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PIC1655 


Operating temperature TA = -40°C to + 85°C 


| Units | __Conditions 
icceraeae Ser eee 


(Note 2) 
All /O pins @ Vpp (Note 6) 
All /O pins @ Vop (Note 3) 


IOH = -100uA (Note 4) 

IOH = O 

loL = -1.6mA, Vxx = 4.5V 
loL = 5.0mA, Vxx = 4.5V 
loL = 5.0mA, Vxx = 8.0V 
lol = 10.0mA, Vxx = 8.0V 
loL = 20.0mA, Vxx = 8.0V 
(Note 5) 

lo. = -1.6mA, (Note 5) 


Vss < VIN < VDD 
Vss < VPIN < 10V 
Vit = 0.4V internal pullup 


VIH = 2.4V 








. Positive current indicates current into pin. 


Negative current indicates current out of pin. 


. Total lo for all output pins (I/O ports plus CLK 


OUT) must not exceed 225mA. 


. See Primary Supply current Chart for additional 


information. . 
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DC CHARACTERISTICS/PIC1655H . 


Operating temperature TA = -40°C to+ 110°C 


Characteristic [sym_|_Min__|Typt| Max | Units | Conditions 
: V | 


Primary Supply Voltage 
Output Buffer Supply Voltage 

~ Primary Supply Current 
Output Buffer Supply Current 
Input Low Voltage 
Input High Voltage (except 
MCLR, RTCC & OSC) 
Input Low-to-High Threshold 
Voltage (MCLR, RTCC & OSC) 
Output High Voltage 


Output Low Voltage 
(I/O only) 


Output Low Voltage 
(CLK OUT) 

Input Leakage Current 
(MCLR, RTCC) 
Leakage Current 
(open drain I/O pins) 
Input Low Current 

(all I/O ports) 

Input High Current 

(all I/O ports) 


t Typical data is at TA = 25°C, VDD = 5.0V. 


NOTES: 
1. Total power dissipation for the package is calcu- 
lated as follows: 
Pp = (VpD) (IDD) + E(Vpb - VIL) (1loH!) + (VOL) 
(loL). | 
The term I/O refers to ail interface pins; input, 
output or I/O. 
. Vxx supply drives only the I/O ports. 
. The maximum Ixx current will be drawn when all 
1/O ports are outputting a High. 


(Note 2) 
All 1/O pins @ Vpp (Note 6) 
All I/O pins @ Vpp (Note 3) 


IOH = -100uA (Note 4) 

IOH = 0 

loL = -1.6mA, Vxx = 4.5V 
lo. = 5.0mA, Vxx = 4.5V 
lo. = 5.0mA, Vxx = 8.0V 
lo. = 10.0mA, Vxx = 8.0V 
lo. = 20.0mA, Vxx = 8.0V 
(Note 5) 

loL = -1.6mA, (Note 5) 


Vss < VIN < VpD 


Vss < VPIN< 10V 


Vi_ = 0.4V internal pullup 


VIH = 2.4V 


. Positive current indicates current into pin. 


Negative current indicates current out of pin. 


. Total lox for all output pins (I/O ports plus CLK 


OUT) must not exceed 225mA. 


. See Primary Supply current Chart for additional 


information. 





5 e ey 
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AC CHARACTERISTICS/PIC1655, Operating temperature TA = 0'C to + 70°C 
PIC1655I AND PIC1655H -40°C to +85°C and -40°C to + 110°C 
Instruction Cycle Time tCY 4 20 us | 0.2 MHz - 1.0MHz external 
time base (Notes 1, 2 and 5) 
RTCC Input 
Period tRT tcy =0.2us-| - - 
High Pulse Width — . tRTH 1/2 tRT - - - 
Low Pulse Width tRTL 1/2 tRT - - - (Notes 2 and 3) 
/O Ports 
Data Input Setup Time ts - - 1/4tcy - 125) ns 
Data Input Hold Time tH 0 - - ns 
Data Output Propagation tPD - 600 | 1000 ns | Capacitive load = 50pF 
Delay 
OSC Input 
External Input Impedance | ROSCH | 120 800 | 3500 Q Vosc = 5V Applies to external 
High 
External Input Impedance | ROscL | - 10° | - Q Vosc = 0.4V OSC drive only 
Low 











t Typical data is at TA = 25°C, Vop = 5.0V. 


NOTES: 

1. Instruction cycle period (tcy) equals four times the inut oscillator time base period. 

2. Due to the synchronous timing nature between CLK OUT and the sampling circuit used on the RTCC input, 
CLK OUT may be directly tied to the RTCC input. | 

3. The maximum frequency which may be input to the RTCC pin is calculated as follows: 


1 1 


Imax) = fe (min) tCY (min) + 0.2us 


1 
For example: if tcy = 4s, f(max) = “£2us = 238KHz. 


4. Caution must be exercised to allow for unit to unit variation of oscillator frequency when using RC option. 
(See RC Option Operation Graph). 





PRIMARY SUPPLY CURRENT AT SELECTED TEMPERATURES: 


PIC1655, PIC16551, PIC1655H 
Characteristic Units | Conditions 


[om [Me 
Primary Supply Current 70 mA -40°C, All 1/0 pins at Vpp 
65 mA 0°C, All I/O pins at Vob 
48 mA 70°C, All I/O pins at Vob 
45 mA 85°C, All I/O pins at Vop 
42 mA 110°C, All I/O pins at Vpb 
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PIC1655_ 
V/O TIMING 


Ni SN Nae 


iN CREMENT EXECUTE |ANSWER 
PC —-> ?__  —_>/|4—___»> 
ADDRESS ROM INSTRUCTION 
FOR NEXT 
INSTRUCTION INTERNAL 


OUTPUT Rise and fall times 


are load dependant 
Ts 


CLOCK OUT TIMING 


/4tcy 
pe 


| | 
~—_—__——. 3/4 toy ae 


CLOCK OUT 


RTCC TIMING 
le—— tpTH ——»le—— tpatH ——+| 
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SCHMITT TRIGGER CHARACTERISTICS (RTCC, MCLR AND OSC PINS) 
Ta =25°C (TYPICAL) 


. _-, 
VTHRESHOLD Cheat Tt NOTES 


VOLTS 1. Low-to-High Threshold Voltage (VTLH). 
2. High-to-Low Threshold Voltage (V7, ). 


9.5 6.0 6.5 


Vpp VOLTS 


RC OPTION OPERATION 





Vpp = 5.0V 
Cext = 47pF 





0.2 0.4 0.6 0.8 1.0 (MHz) Oscillator Frequency 
20.0 10.0 6.7 5.0 4.0 (us) Instruction Cycle Time 


Ta = 25°C 
Cext = 100pF 





02 0.4 0.6 0.8 1.0 (MHz) Oscillator Frequency 
20.0 10.0 67 # 5.0 4.0 (us) Instruction Cycle Time 


Unit to Unit Variation @ 5.0V, 25°C is +25% 
Variation from Vop = 4.5V - 7.0V referenced to 5.0V is -3%, +9% 
Variation from T A= 0°C - 70°C referenced to 25°C is +3%, -5% 
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PIC1655_ 


BUFFERED CRYSTAL — 
INPUT OPERATION 


XTAL 


74HC04 
o—e TOOSC PIN #27 


C 30% < DUTY CYCLE < 70% 


oc 7 


The buffer must be capable of driving 120Q, min. (800Q, 
typ.) to 2.0V. However, it is recommended that the 
pull-down transistor on the OSC pin be removed (an 
option) if OSC is to be driven externally. 


EXTERNAL CLOCK INPUT OPERATION 


CLOCK FROM 
EXTERNAL SYSTEM —>o » TO OSC PIN #27 





OUTPUT SINK CURRENT GRAPH 


100 


MASTER CLEAR (TYPICAL CIRCUIT) 












Rext S R< 100K 


anne TO PIC1655 MCLR PIN #28 


Cext == 0.1uF 
ane 





Master Clear requires >1.0ms delay before 
activation after power is applied to the Vyp pin, 
for the oscillator to start up. To achieve this, an 
external RC configuration as shown can be 
used (assuming Vppis applied as a step 
function). 
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VoL (VOLTS) 


The Output Sink Current is dependent on the Vxx 
supply and the output load. This chart shows the typical 
curves used to express the output drive capability. 


4-64 





__PIC1655 





Vou VS Ip, (VO PORTS) (TYPICAL) 


400 600 800 1000 
1OH(us) 


PIC1655 EMULATION CAUTIONS 


When emulating a PIC1655 using a PICES II develop- 
ment system certain precautions should be taken. 


A. Be sure that the PICES Il Module being used is 
programmed for the PIC1655 mode. (Refer to the 
PICES Manual). The PIC1655 contained within the 
module should have the MODE pin #22 set to a high 
state. 


1. This causes the MCLR to force all I/O registers high. 
2. The OSC 1 pin #59 becomes a single clock input pin. 


3. Theinterrupt system becomes disabled andthe RTCC 
always counts on the trailing edges. 


4. Bits 3 through 7 on file register F3 are all ones. 








POWER SUPPLY CURRENT VS 
TEMPERATURE (TYPICAL LIMITS) 


. Make sure to only use two levels of stack within the 


program. 


. Make sure ail I/O cautions contained in this spec 


sheet are used. 


. Be sure to use the 28 pin socket for the module plug. 
. Make sure that during an actual application the 


MCLR input swings from a low to high level a mini- 
mum of 1msec after the supply voltage is applied. 


. If an oscillator drive is used, be sure that it can drive 


the 120Q input impedance of the OSC pin on the 
PIC 1664. 


. The cable length and internal variations may cause 


some parameter values to differ between the PICES 
Il module and a production PIC1655. 
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SALES AND SUPPORT 


To order or to obtain information, @.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the sales offices. For the currently available code-combinations, refer to previous page. 











PART NUMBERS 


PIC156x -H /P X 





Pattern 


Package 





Temperature 
Range 


Device 


3-Digit 


Blank 
I 
H 


PIC1655 
PIC1657 





Pattern Code 
Plastic DIP 


0° C to +70° C 
-40° C to +85° C 
-40°C to +110° C 
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® 
Microchip 


PIC1670 


8 Bit Microcontroller 





FEATURES 


1024 x 13-bit Program ROM 

64 x 8-bit RAM (16 special purpose registers) 
Arithmetic Logic Unit 

Sophisticated interrupt structure 

6 level pushdown stack 

Versatile self contained oscillator 

2.0us instruction execution time 

Wide power supply operating range (4.5-5.5 volts) 
4 sets of 8 user defined TTL compatible I/O lines 
Available in two temperature ranges: 0°C to 70°C 
and -40°C to 85°C 


DESCRIPTION 


The PIC1670 microcontroller is an MOS/LSI device con- 
taining RAM, I/O, and a central processing unit as well 
as customer-defined ROM on a single chip. This com- 
bination produces a low cost solution for applications 
which require sensing individual inputs and controlling 
individual outputs. Keyboard scanning, display driving, 
and system control functions can be done at the same 
time due to the power of the 8-bit CPU. 


The internal ROM contains a customer-defined program 
using the PIC's powerful instruction set to specify the 
overall functional characteristics of the device. The 8-bit 
input/output registers provide latched lines for interfac- 
ing to a limitless variety of applications. The PIC can be 
used to scan keyboards, drive displays, control elec- 
tronic games and provide enhanced capabilities to 
vending machines, traffic lights, radios, television, con- 
sumer appliances, industrial timing and control applica- 
tions. The 13-bit instruction word format provides a 
powerful yet easy to use instruction repertoire empha- 
sizing single bit manipulation as well as logical and 
arithmetic operations using bytes. 


The PIC 1670 is fabricated with N-Channel Silicon Gate 
technology resulting in a high performance product. 
Only a single wide range power supply is required for 
operation. An on-chip oscillator provides the operating 
clock with an external crystal or ceramic resonator to es- 
tablish the frequency. Inputs and outputs are TTL- 
compatible, with open-drain option available. 





PIN CONFIGURATION 
40 Lead Dual In Line 


Top View 


e 
—_ 


2 
3 
4 
5 
6 
7 
8 
9 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 


Extensive hardware and software supportis available to 


aid the user in developing an application program and to 
verify performance before committing to mask tooling. 
Programs can be assembled into machine language 
using PICALC, eliminating the burden of coding with 
ones and zeros. Once the application program is devel- 
oped, several options are available to insure proper per- 
formance. The PIC's operation can be verified in any 
hardware application by using the PIC1665. The PIC1665 
is a ROM-less PIC1670 microcontroller with additional 
pins to connect external EPROM or RAM and to accept 
HALT commagds. The PFD 1020 Field Demo System 
is available containing a PIC1665 with sockets for eras- 
able PROMS. Finally, the PICES Il (PIC In-Circuit 
Emulation System) provides the user with emulation and 
debugging capability in either a stand-alone mode or 
operation as a peripheral to a larger computer system. 
Easy program debugging and changing is facilitated 
because the user's program is stored in RAM. With 
these development tools, the user can quickly and 
confidently order the masking of the PIC's ROM and 
bring his application into the market. 
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P1IC1670 BLOCK DIAGRAM 
a fire ets PORTA - PORTB 
8 8 





DATA BUS 


INSTRUCTION 
DECODE & 
CONTROLLER 


INSTRUCTION 
REG 


INPUT F(15,) 


PORT C 















RAM (48 X 8) 
F208- F778 


INT STATUS F(5) 
RAM ADDRESS 





—oip 


—_ INTERRUPT 


ARCHITECTURAL DESCRIPTION 


The firmware architecture of the PIC1670 microcon- 
troller is based on a register file concept with simple yet 
powerful instruction commands designed to optimize 
the code for bit, byte, and register transfer operations. 
The instruction set also supports computing functions as 
well as these control and interface functions. 


RT ; 


Internally, the functional blocks of the PIC 1670 are con- 
nected by an 8-bit bidirectional bus: the 64 8-bit registers 
of which the first 16 are special purpose, an Arithmetic 
Logic Unit, and a user defined program ROM composed 
of 1024 x 13 words. The register file is divided into two 
functional groups: operational registers and general 
purpose registers. The first sixteen are the operational 
registers and they include the Real Time Clock Counter 
A and B, four I/O registers, two Status registers, a 
Program Counter and a File Select Register. The 
general purpose registers are used for data and control 
information under command of the instructions. 








PROGRAM 
ROM 
1024 x 13 


ROM ADDRESS 
6 LEVEL STACK 


PROG CNTR F(2) Z 


FILE SELECT F(4) 


VO F(16 3 


PORT D 






MCLR 


The Arithmetic Logic Unit contains one temporary work- 
ing register (W Register), an adder, and hardware for 
decimal adjust. Manipulation between data in the work- 
ing register and any other register can be performed. 


The Program ROM contains the user defined application 
program and is supported by an instruction decoder and 
instruction register. Sequencing of microinstructions is 
controlled via the Program Counter (PC) which auto- 
matically increments to execute in-line programs. The 
Program Counter is modified by bit test, jump, call or 
branch instructions and the lower 8-bits can be modified 
for computed addresses by file register instructions. In 
addition, an on-chip six level stack is employed to push 
and pull the contents of the program counter. This 
provides easy to use subroutine nesting. Activating the 
MCLR input on power-up initializes the ROM program to 
address 17778. - 
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REGISTERS 


REGISTER FILE ARRANGEMENT 


F6s8, F78 


F108, 118 
F128, 138 
F148, 158 
F168, 178 
F208, 778 


Not a physical register. FO calls for 
contents of the FSR (F4) to be used to 
select a file register. F4 is used as an 
indirect address pointer. 


W Register: The working register. 


Program Counter: Points to the next 
program ROM address to be executed (8 
lower bits only). 


Arithmetic Status Register 


File Select Register: The FSR is used in 
generating effective file register addresses 
under program control. 


Interrupt Status Register: Used to control 
interrupts and registers F6 and F7. (See 
"Interrupt System") 


RTCCA and RTCCB: Real Time Clock 
Counters A & B respectively can be 
configured as a single 16 bit counter, an 8 
bit counter and an 8 bit general purpose 
register or two general purpose registers 
when no external counting is required. The 
RTCC registers can be loaded and read by 
the program, as well as count negative 
transitions on the RT pin or count at 1/8 
the frequency of the oscillator . If data are 
being stored into RTCCA simultaneous 
with a negative transition on the RT pin 
(and CNTE = 1 and CNTS = 1), RTCCA 
will contain the new stored value and the 
external transition will be ignored by the 
microcomputer. (See "Real Time Clock 
Interrupt" for further details about the 
RTCC). 


I/O Port A 
/O Port B 
/O Port C 
/O Port D 


General Purpose Registers: Used for 
temporary and general purpose storage 
during program execution time. 


Note: F108, 128, 148 & 168 are the I/O registers and 
_ F118, 138, 158 & 178 are used for reading the 
actual pin levels. 








INTERRUPT STATUS REGISTER F5 
| 0 love AB RTCIR) a4IR | RICE 


PIC1670 





Bit 0 is the carry flag and is usually the 
carry from the A.L.U., also used as a 
borrow subtract instructions. 


Bit 1 is the half carry (decimal carry) 
and is used to indicate a carry from bit 
3 in the A.L.U. as the result of an 
addition (byte). This bit is used in the 
decimal adjust 

instruction to allow B.C.D. decimal 
addition. 


Bit 2 is the zero flag and is set to a one 
if the results of the previous operation 
was identically zero. 


Bit 3 is the overflow flag and is set toa 
one by operations which cause a 
signed 


two's complement arithmetic overflow. 
The bit is set when the carry from the 
MSB in the A.L.U. is opposite to the 
carry from the MSB-1 bit. 


Bit 4 is the 9th bit of the program 
counter. This bit is a read only bit. 


Bit 5 is the 10th bit of the program 
counter. This bit is a read only bit. 









6 5 4 3 2 1 0 
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BASIC INSTRUCTION SET AND PIN FUNCTIONS | 


Each PIC instruction is.a 13-bit word divided into an OP code 
which specifies the instruction type and one or more oper- 
ands which further specify the operation of the instruction. 
The following PIC instruction summary lists byte-oriented, 
bit-oriented, and literal and control operations. | 


For bit-oriented instructions, "b" represents a bit field des- 
ignator which selects the number of the bit affected by the 
operation while "f" represents the number of the file in 
which the bit is located. 


| For literal and control operations, "k" represents an eight 
For byte-oriented instructions, "f" represents a file register or nine bit constant or literal value. 
designator and "d" represents a destination designator. The 
file register designator specifies which one of the PIC file 
registers is to be utilized by the instruction. The destination 
designator specifies where the result of the operation per- — 
formed by the instruction is to be placed if "d" is zero. The 
result is placed in the W register if "d" is one. The result is. 
returned to the file register specified in the instruction. 


For an oscillator frequency of 4 MHz the instruction execu- 
tion time is 2.0usec unless a conditional test is true or the 
program counter is changed as a result of an instruction. 
In these two cases, the instruction execution time is 
4.Qusec. . 


(12-7) (6) (5 - 0) 
BYTE ORIENTED FILE REGISTER OPERATIONS 


OPCODE Dod | f(FILE #) 


Instruction-Binary (Octal) Name Mnemonic, Operands _— Operation Status Affected 


DAW : 
MOVWF  f 
SUBBWF fd 
SUBWF fd 
DECF fd 
-IORWF fd 
ANDWF fd 
-XORWF fd 
ADDWF fd 
ADCWF fd 
COMPF fd 
INCF fd 
DECFSZ fd 


Decimal adjust W 
Move W to file 

_ Subtract W from file w/borrow 
Subtract W from file 
Decrement file 
Inclusive or W with file 

~ And W with file 
Exclusive OR W with file 

_ Add W with file 
Add W to file with carry 
Complement file 
Increment file 

~ Decrement file, skip if zero 
Rotate file right through carry RRCF f,d 
Rotate file left through carry RLCF f,d 
Swap upper and lower nibble of file SWAPF fd 
Increment file, skip if zero INCFSZ fd 
Move file to W MOVFW sf 
Clear file CLRF 
Rotate file right/no carry RRNCF 


000 000 000 100 
000 001 fff ff 
id fff fff 
000 10d fff fff 
tid fff fff 
00d fff fff 
Oid fff fff 
10d fff fff . ¢ 
tid fff fff. 
00d fff — fff 
Oid fff — fff. 
10d fff fff 
tid fff fff 
00d ff fff 
Oid fff — fff 
Oid fff 
tid fff — fff 
—000-offf =f. 
fff 
ttf 


(Note 1) C 
W- f 
f+W+cod 
f+W+i—od 
f-1d 

WVf > d 
Wid 
W@fod 
W+f—-d OV,C,DC,Z 
W+f+c—d OV,C,DC,Z 
td Z 
f+i—od OV,C,DC,Z 
f* 1 — d, skip if zero - 
f(n)—>d(n - 1), cd(7), (0) C 
f(n)d(n + 1), c>d(0), (7) C 
{(0-3) <> (4-7)d - 
f+1—>d, skip if zero 

f—W 

0-f . 

f(n) > d(n-1), f(0) —> (7) 


OV,C,DC,Z 
OV,C,DC,Z 
OV,C,DC,Z 


001 fff 
010 fff 


011. 
100 
101 
110 
111 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 : 
1 
1 
1 
1 


ff 
ff 
ff 
ff 
ff 


fff 
iff 
fff 
fff 


Rotate file left/nocarry 

Compare file to W, skip if F < W 
Compare file to W skip if F = W 
Compare file to W, skip if F> W 


Move file to itself 


RLNCF 
CPFSLT 
CPFSEO 
CPFSGT 
TESTF 


f 
f 
f 
f 
f 
f 
f 


f(n)—>d(n + 1), f(7)—>(0) 

f- W, skip if C = 0 

f- W, skip if Z = 1 

f-W, skip ifZ*C = 1 - 
f-1 | Z 


The DAW instruction adjusts the eight bit number in the W register to form two valid BCD (binary coded 

decimal) digits, one in the lower and in the upper nibble. (The results will only be meaningful if the number 

in W to be adjusted is the result of adding together two valid two digit BCD numbers). The adjustment obeys _ 

the following two step algorithm. | 
1. If the lower nibble is greater than 9 or the digit carry flag (DC) is set, 06 is added to the W register. 

2. Then, if the upper nibble is greater than 9 or the carry from the original or step 1 addition is set, 60 is 

added to the W register. The carry bit is set if there is a carry from the original step 1 or step 2 addition. 
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(12-9) (8 - 6) (5 - 0) 


BIT ORIENTED FILE REGISTER OPERATIONS 


Instruction-Binary (Octal) Name Mnemonic, Operands = Operation Status Affected 


100 bbb fff Bit clear file BCF fb 0 — f(b) 

101 bbb Bit set file BSF fo 1 — f(b) 

110 bbb Bit test, skip if clear BTFSC fb _ Bit Test f(b),skip if clear 
111. bbb Bit test,skip if set BTFSS fb _ Bit Test f(b), skip if set 


(12 -8) (7 - 0) 
LITERAL AND CONTROL OPERATIONS 


Instruction-Binary (Octal) Mnemonic, Operands Operation Status Affected 


000 
010 
011 
kkk - 
kkk (11400) Add LiteraltoW | k+W>W OV,C,DC,Z 


(00000 
( 
( 
( 
( 
kkk (12000) Inclusive OR Literal to W kVW —- W 
( 
( 
( 
( 
( 


) No Operation | 
00002) ‘Return from interrupt - Stack — PC 
00003) Return from Subroutine - Stack — PC 


11000) Move Literal tro W k—>W 


kkk (02400) And Literal and W k*>W—>W 

kkk (13000) Exclusive OR Literal to W k WW 

kkk (13400) Return and load literal in W k & wW, Stack - PC 

kkk (14000) Go to address k — PC 

kkk (16000) Call Subroutine PC + 1 — Stack, k — PC 





0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 


PIN FUNCTIONS 


Signal Signal | | Function 
Name Type 


OSC1, OSC2 Oscillator pins. The on-board oscillator can be driven by an external crystal 
ceramic resonator or an external clock via these pins. 


RT Real Time Input. Negative transitions on this pin increment the RTCC (F6) 
register. This pin can also be used for an interrupt input. This pin uses a 
Schmitt trigger input. There is no internal active pull-up device. 


RAO-7, RB-7, User programmable input/output lines. These lines can be used as inputs and/ 
RCO-7, RDO-7 or outputs and are under direct control of the program. 


~MCLR Master Clear: Used to initialize the internal ROM program to address 17778 
latch all I/O registers high, and disables the interrupts. This pin uses a Schmitt 
trigger input. There is no internal active pull-up device. 


TEST Test pin. This pin is used for testing purposes only. It must be grounded for 
normal operation. 


VDD - Power supply pin. 
Vss - Ground pin. 


CLKOUT Output Clock Output: A signal derived from the internal oscillator. May be used by 
external circuitry to synchronize with PIC1670 timing. | 
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INTERRUPT SYSTEM 


The interrupt system of the PIC1670 is comprised of an 
external interrupt and a real-time clock counter interrupt. 
These have different interrupt vectors, enable bits and 
status bits. Both interrupts are controlled by the status 
register (F5) shown below. 


rr. 6 5 4 3 2 1 0 


Q |CNTE;| A/B |CNTS/RTCIR| XIR | RTCIE; XIE 


Notes: 1.Bit 7 is unused and is read as zero. 
2. The Status Register F5 will power up to all 
zeroes. 


External Interrupt 


On any high to low transition of the RT pin the external 
interrupt request (XIR) bit willbe set. This request will be 
serviced if the external interrupt enable (XIE) bit is set or 
ifitis setatalater pointin the program. The latter allows 
the processor to store a request (without interrupting) 
while a critical timing routine is being executed. Once 
external interrupt service is initiated, the processor 
willclear the XIR bit, delay one cycle (to execute the 
current instruction), then push the current program 
counter onto the stack and execute the instruction at 
location 17608. It takes three to four instruction cycles 
from the transition on the RT pin until the instruction at 
17608 is executed. No new interrupts can be serviced 
until a return from interrupt (RETF) instruction has been 
executed. 


INTERRUPT SYSTEM BLOCK DIAGRAM 


RT ie EDGE TO SYNC 
PIN PULSE GEN 


CARRY OUT 'B' 


— XIR (BIT 2) 








XIE 
(BIT 0) 


Hes 


- RICIE 
(BIT 4) 


AB 
(BIT 5) 


Real-Time Clock Interrupt 


The real-time clock counter (RTCCA & RTCCB, file 
registers F6 and F7) have a similar mechanism of inter- 


- rupt service. The RTCCA register will increment if the 


RTCCA (R7 
'B' INPUT TRIGGER 


Gas 


count enable (CNTE) bit is set: If this bit is not set the 
RTCCA & RTCCB will maintain their present contents 
and can therefore be used as general purpose RAM 
registers. The count source (CNTS) bit selects the 
clocking source for RTCCA. If CNTS is cleared to a '0', 
then RTCCA will use the internal instruction clock and 
increment at 1/8 the frequency present on the OSC pins. 
If CNTS is set to a ''1', then RTCCA will increment on 
each high to low transition of the RT pin. RTCCB can 
only be incremented when RTCCA makes a transition 
from 3778 to 0 and the A/B status bit is set. This condition 
links the two eight bit registers together to form one 
sixteen bit counter. An interrupt request under these 
conditions will occur when the combined registers make 
a transition from 1777778 to 0. If, however, the A/B bit 
is not set, then RTCCA wiil be the only incrementing 
register and an interrupt request will occurwhen RTCCA 
makes a transition from 377s to 0. (In this setup the 
RTCCB register will not increment and can be used as 
a general purpose RAM register). Once a request has 
come from the real-time clock counter, the real-time 
clock interrupt request (RTCIR) bit will be set. At this 
point, the request can either be serviced immediately if 
the real-time clock interrupt enable (RTCIE) bit is set or 
be stored if RTCIE is not set. The latter allows the 


CNTS >. 
= BIT 4 
( INTERNAL 
. CLOCK 
Oo sie 
RTCCA (R6) RTCC 
INCR. 
PULSE 
ce CNTE 
FROM 'A' OVERFLOW (BIT 6) 


LOAD PULSE 


PROGRAM 
COUNTER 


- 17608 17408 


INTERRUPT CONTROL > 
- FLIP-FLOP 
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Interrupt System (Cont.) 


processor to store a real-time clock interrupt while a 
critical timing routine is being executed. Once interrupt 
service is initiated, the processor will clear the RTCIR bit, 
delay one cycle (to execute the current instruction), then 
push the present program counter onto the stack and 
execute the instruction at location 17408. It takes three 
instruction cycles from when the RTCC(A or B) over- 
flows until the instruction 17408 is executed. No new 
interrupts can be serviced until a RETFI instruction has 
been executed. 


The RETFI instruction (000028) must be used to return 
from any interrupt service routine if any pending inter- 
rupts are to be serviced. External interrupts have priority 
over RTCC driven interrupt in the event both types occur 
simultaneously. Interrupts cannot be nested but will be 
serviced sequentially. The existance of any pending 
interrupts can be tested via the state of the XIR (bit 2) and 
RTCIR (bit 1) in the status word F5. 


INPUT/OUTPUT CAPABILITY 


The PIC 1670 provides four complete quasi-bidirectional 
input/output ports. A simplified schematic of an I/O pin 
is shown below. The ports occupy address locations in 
the register file space of the PIC1670. Thus, any 
instruction that can operate on a general purpose regis- 
ter can operate on an I/O port. Two locations in the 
register file space are allocated for each I/O port. Port 
RAO-7 is addressable as either F108 or F118. Port RBO- 
7 is addressable as either F128 or F138. Port RCO-7 is 
addressable as either F148 or F158. An I/O port READ 


BIDIRECTIONAL INPUT-OUTPUT PORT 


INTERNAL Vppb 
BUS 


READ EVEN = I/O FILE # 


READ ODD = I/O FILE # 


PIC1670 


on its odd-numbered location will interrogate the chip 
pins while an I/O port READ on its even-numbered 
location will interrogate the internal latch in that I/O port. 
This simplifies programming in cases where a portion of 
a single port is used for inputting only while the remain- 
der is used for outputting as illustrated in the following 
example. 
Here, the low 3 bits of port RA are used as output-only, 
while the high 5 bits are used as input-only. During 
power on reset (MCLR low), the latches in the I/O ports 
will be set high, turning off all pull down transistors as 
represented by Q 2 in the figure below. During program 
execution if we wish to interrogate an input pin, then, for 
example, | 
BIFSS 11,6 
will test pin RA6 and skip the next instruction if that pin 
is set. If we wish to modify a single output, then, for 
example, 
BCF 10, 2 
will force RA2 to zero because its internal latch will be 
cleared to zero. This will turn on Q2 and pull the pin to 
zero. 





The way this instruction operates internally is the CPU 
reads file 10 into the A.L.U., modifies the bit and re- 
outputs the data to file 10. If the pins were read instead, 
any input which was grounded externally would cause a 
zero to be read on that bit. When the CPU re-outputted 
the data to the file, that bit would be cleared to zero, no 
longer useful as an input until set high again. | 

During program execution, the latches in bits 3-7 should 
remain in the high state. This will keep Q2 off, allowing 
external circuitry full control of pins RA3-RA7, which are 
being used here as input. | 


VO PORT 








NE 
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ELECTRICAL CHARACTERISTICS 
Maximum Ratings* 


Temperature Under Bias ..............405 Sssiunsneeete 125°C 
Storage Temperature ..............:c0 - 55°C to +150°C 
Voltage on any pin with 

FESPECt TO. VSS sesso -0.3V to +10.0V 
Power Dissipation ...............ccssssseseeceeseeessecees 1000mW 


DC CHARACTERISTICS 





































Characteristic Min 





Power Supply Voltage 
Primary Supply Current 
Input Low Voltage _ 
(except MCLR & RT) 
Input High Voltage (except 
MCLR, RT, OSC1) 

Input High Voltage © 
(MCLR, RT, OSC1) 
Output High Voltage 


















Output Low Voltage 
(I/O and CLK OUT) 
Input Leakage Current 
(MCLR, RT, OSC1) 
Input Low Current 

(All 1/O ports) 

Input High Current 

(All 1/O ports) 








* Typical data is at TA = 25°C, VpbpD = OV. 


Notes: 1. Total power dissipation for the package is calculated as follows: 
~ Po = (VDD) (IDD) + & {(VDD - ViL)*|VIL|} + & {(VDD - VOH)e|IOH|} + 2X {(VOL)*IOL}. 

2 Positive current indicates current into pin. Negative current indicates current out of pin. 
3. Total lox for all output pin (I/O ports plus CLK OUT) must not exceed 175mA. 


* Exceeding these ratings could cause permanent 
damage to the device. This is a stress rating only and 
functional operation of this device at these conditions 
is not implied. Operating ranges are specified in Stan- 
dard Conditions. Exposure to absolute maximum 
rating conditions for extended periods may affect 
device reliability. oY 


Data labeled "typical" is presented for design guidance 
only and is not guaranteed. 






Operating temperature: 
- Commercial: 
- Industrial: 


TA=0 °C to + 70°C 
TA = -40 °C to + 85 °C 











Max Units Conditions 





All I/O pins high 





IOH - 100 pA provided — 
by internal pullups (Note 2) 
loL = 1.6mA 








Vss = VIN - VoD 





ViL = 0.4V internal pullup 






VIH = 2.4V 
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AC CHARACTERISTICS Operating temperature: 
- Commercial: TA=0°C to + 70°C 
- Industrial: TA = -40 °C to + 85 °C 


Characteristic 

Instruction Cycle Time ‘ 4 M#z external time 

a base (Notes 1, 2, 4)) 
RT input (Note 3) 

Period - Commercial tcy+175ns Commercial: Ta = 70°C 
Period -Industrial tcy+200ns Industrial: TA = 85°C 
High Pulse Width 1/2tRT Commercial: TA = 70°C 
Low Pulse Width 1/2tRT Commercial: TA = 70°C 
/O Ports 


Data Input Setup Time 
Data Input Hold Time 
Data Output Propagation Delay Capacitance load = 50pF 


Notes: 
Instruction cycle period (tcy) equals eight times the oscillator time base period. 
The oscillator frequency may deviate to 4.08 MHz to allow for tolerance of the time base element (LC, crystal, 
or ceramic resonator). 
Due to the synchronous timing nature between CLK OUT and the sampling circuit used on the RT input, CLK 
OUT may be directly tied to the RT input. The minimum times specified represent theoretical limits. 
The maximum frequency which may be input to the RT pin is calculated as follows: ee ae | 
where: d=175 ns for Commercial tatmin toymintd 
d=200 ns for Industrial 
Examples: Commercial: _ if tcy = 2us, f(max) = 1/2.175 us = 460 KHz 
Industrial: if tcy = 2us, f(max) = 1/2.2us = 455 KHz. 





RE SS SR SR 
© 1990 Microchip Technology Inc. | | DS30003B-9 














PIC1670 


V/O TIMING 


cLKOUT ¢ \ / \ ae ae 


INCREMENT WRITE 
LN PC EXECUTE TO VO 


ADDRESS ROM INSTRUCTION 
FOR NEXT 
INSTRUCTION 7 GATE 
ANSWER 
INTERNAL 


tpd 


OUTPUT 


NOTE: 
Rise and fall times 
are load dependent 


CLK OUT TIMING Ns 


| 


CLK OUT 


RTCC TIMING 


SCHMITT TRIGGER CHARACTERISTICS (TYPICAL) 
(RT, MCLR) Ta = 25°C 


V THRESHOLD 
(VOLTS) 


Vp (VOLTS) 
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TYPICAL OSCILLATOR CIRCUITS 


CRYSTAL INPUT OPERATION 
200F 


—- TO OSC PIN #1 
110MS (] XTAL* 


TO OSC PIN #2 


POWER DISSIPATION DERATING GRAPH 


gol INE) 
Ras eeS eee 
700 Ele Dae! 


20pF 1K 600 


* OR CERAMIC RESONATOR, 
PARALLEL. RESONANT 
(1.0 - 4.0 MHz) 


= 
E 
Zz 
je) 
ke 
< 
a. 
a 
2 
ra) 
WW 
OQ 
S 
iu 
a 
= 
S 
= 
< 
< 
= 


EXT. INPUT OPERATION 


CLOCK FROM ——— > TO OSC PIN #1 
EXT. SYSTEM 


NO CONNECTION -————-> TO OSC PIN #2 Ta - AMBIENT TEMPERATURE (°C) 


Notes: 1. 70°C is the maximum operating tempera- 
ture for standard parts. 


MASTER CIRCUIT (TYPICAL) 


2. 85°C is the maximum operating tempera- 
ture for "I" suffix parts. 





R R < 100K 








MCLR (PIN #39) 7 
Sleqaae OUTPUT SINK CURRENT GRAPH 





: Us a Ln as 

Note: The MCLR pin must be pulsed low for a minimum 15 SE eee ee MOE soeN 
of one complete instruction cycle (tcy) for the EERE peed | 
master clear function to be guaranteed, assum- 0H 10 i Hales 
ing that power is applied and the osciilator is ime) tee tee s 


Fa 
running. For inititial power application, a delay is 5 rt ttt 
required for the external oscillator time base a 








































element to start up before MCLR is brought high. ; Atti a 

To achieve this, an external RC configuration as sucess 

shown can be used. This provides approximately 

a 10 ms delay (assuming VDD is applied as a step = ea 
function), which may be insufficient for some time : 
base elements. Consult the manufacturer of the VOH VS IOH (I/O PORTS) (TYPICAL) 


time base element for specific start-up times. 





VoH 3 
(VOLTS) 





200 400 600 9800 1000 
lou (uA) 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 





= 







PART NUMBERS 


PIC1670 - H /P XXX 





Pattern: 3-Digit Pattern Code | 


Package: P Plastic DIP 





Temperature - O°C to +70°C 
Range: 1  -40°C to +85°C 
H -40°C to +110°C 


Device: PIC1670 








LIFE SUPPORT SYSTEM - Microchip's products are not authorized for use as critical components in life support devices or systems without the express written approval of - 
Microchip Technology, inc. 
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SECTION 5 
LOGIC PRODUCT SPECIFICATIONS 


AY2661 Enhanced Programmable Communication Interface ...............::ccsesssssseceeeeesereeeeeees 5- 1 
AY3-1015D UAR/T: Universal Asynchronous Receiver/Transmitter .............::cecssceceeceeeeeeeeeeeeeees 5- 17 
AY581 16/36 Dual-Baud Rate Generator cissiscccspopeceicseeccsecrahesileesac anes astaies este erteareineciasiaeeecss 5- 29 
AY58126/46 single Batid Rate Generaton isu nieeci ti scoa teen ace udensed veclacttivenaras soe: aatetiteracencinistet ees nenet 5- 37 
AY38910A/12A Programmable Sound Generator ..............ccsecceecesssceeeeeesseenereesseesesseanecesesesessseeeeeeeens 5- 45 
AY8930 Enhanced Programmable Sound Generator ...............::cccssssccceeeseceeeseessencaeeeeeseaees 5- 61 
AY0438-I 32-Segment: CMOS: LOD Diver saccgsee ccd ces decticent thie tandeeieiaede matteo melee 5- 81 
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Enhanced Programmable Communication Interface 





FEATURES 


¢ Synchronous and Asynchronous full or half duplex 
operation 

¢ On-chip baud rate generator - 3 standards 

¢ Double buffering of data 

¢ TTL compatible 

¢ Single +5 volt power supply 

* Compatible with SC2661, COM2661 


DESCRIPTION 


The AY2661 is a universal synchronous /asynchronous 
receiver/transmitter designed for microcomputer sys- 
tem data communications. It may be programmed by 
the processor to communicate in commonly used asyn- 
chronous and synchronous serial data transmission 
techniques including Bi-Sync. The AY2661 receives 
serial data streams and converts them into parallel data 
characters for the processor. While receiving serial 
data, the device will also accept data characters from the 
processor in parallel format, convert them to serial 
format and transmit. The AY2661 will signal the proces- 
sor when it has completely received or transmitted a 


AY2661 BLOCK DIAGRAM 


DATA BUS 
DO-D7 


RE-PROGRAMMABLE 
BAUD RATE 
GENERATOR AND 
CLOCK CONTROL 


CONTROL 





PIN CONFIGURATION 
28 LEAD DUAL INLINE 


Top View 


VCC 
RxC/BKDET 
DTR 

RTS 

DSR 

RESET 
BRCLK 

TxD 
“TXEMT/DSCHG 


“—~ae os SK BOON OD OF DP OD NM 


hom =~ o 


15[] TxRDY 


character and requires service. Complete status infor- 
mation including data format errors and control signals 
is available to the processor at any time. 


SYN/DLE CONTROL 


TRANSMITTER 


TRANSMIT DATA 
HOLDING REGISTER 


TRANSMIT 
SHIFT REGISTER 
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_ PIN FUNCTIONS - 


Piname [SSCS 


BRCLK | Clock input to the internal baud rate generator. Not required if external receiver and 
transmitter clocks are used. 3 





Rx C/BKDET | Receiver clock. If external receiver clock is programmed, this input controls the rate at 
which the character is to be received. Its frequency is 1X, 16X or 64X the baud rate, as 
programmed by mode register 1. Data are sampled on the rising edge of the clock. 
If internal receiver clock is programmed, this pin can be a 1X/16X clock or a break detect 
output pin. 


T x C/XSYNC | Transmitter clock. If external transmitter clock is programmed, this input controls the rate 
at which the character is transmitted. Its frequency is 1X, 16X or 64X the baud rate, as 
programmed by mode register 1. The transmitted data changes on the falling edge of the 
clock. If internal transmitter clock is programmed, this pin can be a1X/16X clock output 
for an external jam synchronization input. , : 


Serial data input to the receiver. "Mark" is high, "space" is low. 


Serial data output from the transmitter. "Mark" is high, "space" is low. Held in mark 
condition when the transmitter is disabled. 


General purpose input which can be used for data set ready or ring indicator condition. 
Its complement appears as status register bit SR7. It causes a low output on TXEMT/ 
DSCHG when its state changes and CR2 or CRO = 1. 


Data carrier detect input. Must be low in order for the receiver to operate. Its complement 
appears as status register bit SR6. Causes a low output on TxEMT/DSCHG when its state 
changes and CR2 or CRO = 1. If DCD goes high while receiving, the R x C is internally inhibited. 


Clear to send input. Must be low in order for the transmitter to operate. If it goes high during 
transmission, the character in the transmit shift register will be transmitted before termination. 


General purpose output which is the complement of command register bit CR1. Normally 
used to indicate data terminal ready. 


General purpose output which is the complement of command register bit CR5. Normally 

used to indicate request to send. If the transmit shift register is not empty when CR8 is reset 

(1 to 0), then RTS will go high one T x C time after the last serial bit is transmitted. 

A high on this input performs a master reset on the AY2661. This signal asynchronously 
terminates any device activity and clears the mode, command and status registers. The device 
assumes the idle state and remains there until initialized with the appropriate control words. _ 


Address lines used to select internal EPCI registers. 


Read command when low, write command when high. 


Chip enable command. When low, indicates that control and data lines to the EPCI are valid 
and that the operation specified by the R/W, A, and A, inputs should be performed. When 
high, places the D, - D, lines in the three-state condition. 
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PIN FUNCTIONS (CONTINUED) 


Pin Name 


AY 2661 


8-bit, three-state data bus used to transfer commands, data and status between EPCI and the 
CPU. D, is the least significant bit; D, the most significant bit. 


This output is the complement of status register bit SRO. When low, it indicates that the 
transmit data holding register (THR) is ready to accept a data character from the CPU. It goes 
high when the data character is loaded. This output is valid only when the transmitter is enabled. 


It is an open drain output which can be used as an interrupt to the CPU. 


This output is the complement of status register bit SR1. When low, it indicates that the 
receive data holding register (RHR) has a character ready for input to the CPU. It goes 
high when the RHR is read by the CPU, and also when the receiver is disabled. It is an open 
drain output which can be used as an interrupt to the CPU. 


This output is the complement of status register bit SR2. When low, it indicates that the trans- 
mitter has completed serialization of the last character loaded by the CPU, or that a change of 
state of the DSR or DCD inputs has occured. This output goes high when the status register is 
read by the CPU, if the TxEMT condition does not exist. Otherwise, the THR must be loaded 
by the CPU for this line to go high. It is an open drain output which can be used as an interrupt 


to the CPU. 


AY2661 OPERATION 


The functional operation of the AY2661 is programmed 
by a set of control words supplied by the processor. 
These control words specify items such as synchronous 
or asynchronous mode, baud rate, number of bits per 
character, etc. 


Receiver 


The AY2661 is conditioned to receive data when the DCD 
input is low and RxEN bit in the command register is true. 
In the asynchronous mode, the receiver looks for a high 
to low (mark to space) transition of the start bit on the RxD 
input line. If a transition is detected, the state of the RxD 
line is sampled again after a delay of one-half of a bit time. 
If RxD is now high, the search for a valid start bit is begun 
again. If RxD is still low, a valid start bit is assumed and 
the receiver continues to sample the input line at one bit 
time intervals until the proper number of data bits, the 
parity bit, and one stop bit have been assembled. The 
data is then transferred to the Receive Data Holding 
Register, the RxRDY bit in the status register is set, and 
the RxRDY output is asserted. If the character length is 
less than 8 bits, the high order unused bits in the Holding 
Register are set to zero. The Parity Error, Framing Error, 
and Overrun Error status bits are strobed into the status 
register on the positive going edge of RxC corresponding 
.to the received character boundary. If the stop bit is 
present, the receiver will immediately begin its search for 
the next start bit. If the stop bit is absent (framing error), 
the receiver will interpret a space as a start bit if it persists 
into the next bit time interval. If a break condition is 








detected (RxD is low for the entire character as well as 
the stop bit), only one character consisting of all zeros 
(with the Framing error status bit set) will be transferred 
to the Holding Register. The RxD input must return to 
a high condition before a search for the next start bit 
begins. 


Pin 25 can be programmed to be a break detect output 
by appropriate setting of MR27-MR24. Ifso, adetected 
break will cause that pin to go high. When RxD returns 
to mark for one RxC time, pin 25 will go low. Refer to 
the break detection timing diagram. 


When the AY2661 is initialized into the synchronous 
mode, the receiver first enters the hunt mode on a0 to 
1 transition of RxEN (CR2). In this mode, as data is 
shifted into the Receiver Shift Register a bit at a time, 
the contents of the register are compared to the con- 
tents of the SYN1 register. If the two are not equal, the 
next bit is shifted in and the comparison is repeated. 
When the two registers match, the hunt mode is termi- 
nated and character assembly begins. If the single 
SYN operation is programmed, the SYN DETECT 
status bit is set. If double SYN operation is pro- 
grammed, the first character assembled after SYN1 
must be SYN2 in order for the SYN DETECT bit to be 
set. 


Otherwise, the AY2661 returns to the hunt mode. (note 
that the sequence SYN1-SYN1-SYN2 will not achieve 
synchronization). When synchronization has been 
acheived, the AY2661 continues to assemble charac- 
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ters and transfers them to the Holding Register. The 
RxRDY status bit is set and the RxRDY output is 
asserted each time a character is assembled and trans- 
ferred to the Holding Register. The Overrun error (OE) 
and Parity error (PE) status bits are set as appropriate. 
Further receipt of the proper SYN sequence sets the 
SYN DETECT status bit. If the SYN stripping mode is 
commanded, SYN characters are not transferred to the 
Holding Register. Note that the SYN characters used to 
establish initial synchronization are not transferred to 
the Holding Register in any case. 





External jam synchronization can be ‘achieved via pin 9 
by appropriate setting of MR27-MR24. When pin 9 is an 
XSYNC input, the internal SYN1-SYN2, and DLE-SYN1 
detection is disabled. Each positive going signal on 
XSYNC will cause the receiver to establish synchroniza- 
tion on the rising edge of the next RxC pulse. Character 
assembly will start with the RxD input at this edge. 
XSYNC may be lowered on the next rising edge of RxC. 
This external synchronization will cause the SYN DE- 
TECT status bit to be set until the status register is read. 
Refer to XSYNC timing diagram. 


Transmitter 


The AY2661 is conditioned to transmit when the CTS 
input is low and the TxEN command register bit is set. 
The AY2661 indicates to the processor that it can accept 
a character for transmission by setting the TxRDY status 
bit and asserting the TxRDY output. When the proces- 
sor writes a character into the Transmit Data Holding 
Register, the TxRDY status bit is reset and the TxRDY 
output is returned to a high (false) state. Data is 
transferred from the Holding Register to the Transmit 
Shift Register when it is idle or has completed transmis- 
sion of the previous character. The TxRDY conditions 
are then asserted again. Thus, one iu character time of 
buffering is provided. 








In the asynchronous mode, the transmitter automati- 
cally sends a start bit followed by the programmed 
number of data bits, the least significant bit being sent 
first. Itthen appends an optional odd or even parity bit 
and the programmed number of stop bits. If, following 
transmission of the data bits, a new character is not 
available in the Transmit Holding Register, the TxD 
output remains in the marking (high) condition and the 
TxEMT/DSCHG output and its corresponding status bit 
are asserted. Transmission resumes when the proces- 
sor loads anew character into the Holding Register. The 
transmitter can be forced to output a continuous low 
(BREAK) condition by setting the Send Break command 
bit high. 


In the synchronous mode, when the AY2661 i is initially 
conditioned to transmit, the TxD output remains high 
and the TxRDY condition is asserted until the first 
character to be transmitted (usually a SYN character) is 
loaded by the processor. Subsequent to this, a continu- 
ous stream of characters is transmitted. No extra bits 
(other than parity if commanded) are generated by the 
AY2661 unless the processor fails to send a new char- 


acter to the AY2661 by the time the transmitter has 
completed sending the previous character. Since syn- 
chronous communication does not allow gaps between 
characters, the AY2661 asserts TxEMT and automati- 
cally "fills" the gap by transmitting SYN1is, and SYN1- 
SYN2 doublets, or DLE-SYN1 doublets, depending on 
the state of MR16 and MR17. Normal transmission of 
the message resumes when a new character is avail- 
able in the Transmit Data Holding Register. If the SEND 
DLE bit in the command register is true, the DLE 
character is automatically transmitted prior to transmis- 
sion of the message character in the transmit holding 
register. 


AY2661 Programming 


Prior to initiating data communications, the AY2661 op- 
erational mode must be programmed by performing 
write operations to the mode and command registers. In 
addition, if synchronous operation is programmed, the 
appropriate SYN/DLE registers must be loaded. The 
AY2661 canbe reconfigured at any time during program 
execution. A flow chart of the initialization process 
follows. | 


The internal registers of the AY2661 are accessed by 
applying specific signals to the CE, R/W A1 and AO 
inputs. The conditions necessary to address each 
register are shown in Fig. 3. 


The SYN1, SYN2, and DLE registers are accessed by 
performing write operations with the conditions A1=0, 
AO=1, and R/W=1. The first operation loads the SYN1 
register. The next loads the SYN2 register, and the third 
loads the DLE register. Reading or loading the mode 
registers is done in a similar manner. The first write (or 
read) operation addresses Mode Register 1 and subse- 
quent operation addressed Mode Register 2. If more 
than the required number of accesses are made, the 
internal Sequencer recycles to point at the first register. 
The pointers are reset to SYN1 Register and Mode 
Register 1 by a RESET input or by performing a "Read 
Command Register" operation, but are unaffected EPpy 
any other read or write operation. 


The AY2661 register formats are summarized in Tables 
6, 7,8 and 9. Mode Registers 1 and 2 define the general 
operational characteristics of the AY2661, while the 
Command Register controls the operation within this 
basic framework. The AY2661 indicates its status in the 
Status Register. These registers are cleared when a 
RESET input is applied. 
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AY2661 INITIALIZATION FLOW CHART 


INITIAL RESET 
LOAD MODE 
REGISTER 1 
NOTE 
LOAD MODE Mode Register 1 must be written before 2 
REGISTER 2 can be written. Mode Register 2 need not 


be programmed if external clocks are used. 


N SYNCHRONOUS? 


NOTE 
SYN1 Register must be written before 


Y 
LOAD SYN SYN2 can be written and SYN2 before DLE 
1 REGISTER can be written. 
N Va 
DOUBLE SYNC? 


ies TRANSPARENT 


MODE? 


Y 
LOAD SYN 
2 REGISTER 


TRANSPARENT 
MODE? 


LOAD DLE 
REGISTER 


LOAD COMMAND 
REGISTER 


OPERATE 


RECONFIGURE? 
Y 
DISABLE RECEIVER 
AND TRANSMITTER 





RR i sn SPE A NN UTED 
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AY2661 REGISTER ADDRESSING 





Tri-state data bus 

Read receive holding register 
Write transmit holding register 
Read status register 

Write SYN1/SYN2/DLE registers 


Read mode registers 1 and 2 
Write mode registers 1 and 2 
Read command register 
Write command register 


= --- 4A OO00 x 
“~-0O00-, +00 X 


NOTE 
See AC Characteristics section for timing requirements. 


MODE REGISTER 1 (MR1) 


wey | wmie | wris | weve [ria |wriz| MRI 


Parity Parity Character Mode and Baud 
Async: Stop Bit Length | 
00 = Invalid 0 = Disabled 00 = 5 bits 00 = Synchronous 1X rate 
01 = 1 stop bit 1 = Enabled 01 = 6 bits 01 = Asynchronous 1X rate 
10 = 1 1/2 stop bits 10 =7 bits 10 = Asynchronous 16X rate 


11 = 2 stop bits 11 = 8 bits 11 = Asynchronous 64X rate 


Sync: Sync: 
Number of | Transparency 
SYN char Control 
0 = Double | O=Normal 

syn 1 = Transparent 
1 = Single 

Syn 


NOTE - | 
Baud rate factor in asynchronous applies only if external clock is selected. Factor is 16X if internal clock is selected. 
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MODE REGISTER 2 (MR2) 


MR27 - MR24 


TxC RxC Pin9 Pin 25 


—~ ~~ MM ~ ~ mm 
—~ mm ~ mM ~ m7 Mm 
~~ © mM ~ ~ mm 


NOTES 


TxC RxC Ping 


AY2661 


MR23 - MR20 


Pin 25 Mode Baud Rate Selection 


RxC/TxC 
BKDET 
RxC 
BKDET 
RxC/TxC 
BKDET 
RxC 
BKDET 


See baud rates in 
baud rate standards 


1. When pin 9 is programmed as XSYNC input, SYN1, SYN1-2, and DLE-SYN1 detection is disabled. 


E = External clock 
| = Internal clock (BRG) 
1X and 16X are clock outputs 


COMMAND REGISTER (CR) 


Request 


Operating Mode 
P g To Send 


rare al 

1 = Reset 
error flags 
in status 


00 = Normal operation | 0 = Force RTS 
01 = Async: output high 
Automatic one clock 
echo mode time after 
Sync: SYN and/ TxSR 
or DLE stripping serialization 
mode 1 = Force RTS 
10 = Local loop back output low 
11 = Remote loop back 


detect). 


register (FE, 
OE, PE/DLE 


Transmit 
Control 
(TXEN) 


Data 
Terminal 
Ready 


Receive 
Control 
(RxEN) 


rea 
Force break 
0 = Normal 
1 = Force 
break 


1 = Enable output high | 1 = Enable 
1 = Force DIR 


output low 


Sync: 
Send DLE 
0 = Normal 
1 = Send 
DLE 
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STATUS REGISTER (SR) 


| osr7_| sre | srs | srs 


DataSet | Data Carrier _FE/SYN PE/DLE TxEMT/ BvaDVN SEEDY 
Ready Detect ‘Detect Detect DSCHG 
Ee ORD PS ee OE REET RTE 
0 = DSR input} 0 = DCD input} Async: 0=Normal | Async: 
0 = Normal 1 = Overrun| 0=Normal | 0=Normal | 0 = Receive} 0 = 
1 = DSR input} 1 = DCD input) 1 = Framing Error 1=Parity | 1=Change| holding Transmit 
| | Error Error in DSR or register holding 


DCD, or empty register 
transmit 1 = Receive | busy 
shift register} holding T= 
is empty register | Transmit 
has data | holding 
Sync: Sync: register 
0 = Normal 0 = Normal empty 
1 = SYN CHAR 1 = Parity 
detected error or 
DLE 
received 








TIMING DIAGRAMS 
| TxRDY, TxEMT (shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode] 











TxC (IX) 
414213) 4) 5111;213)4) 511);2131 4) 5) 117213141) 51 1);213)4/5 
" TxD DATA 1 DATA 2 DATA 3 SYN 1 DATA 4 
8 | | 
os TXEN : 
” Ereemane —=—$<—<— 
2 TXRDY P | co : co = 
in a . 
© | _TxEMT | = 
- CE FOR x <I ¥ a7 
b WRITE OF DATA 1 DATA 2 DATA 3 DATA 4 
THR 
<—— D—>A | 112)31)4) 5; BC A /14 21/314; 5| BC Al 1j 2131 4)5|B Ce D—A| 112 

w Mos, pe oe [paras 1" boats 
9 a a ee as ee 
2 TxXEN 
ol) ee 
(e) TxRDY 
z 
cy a 
=z | _TxEMT 
Fe CE FOR 
® | WRITE OF DATA 1 DATA 2 DATA 3 DATA 4 
= THR 

NOTES 

A = Start bit 

B = Stop bit 1 

C = Stop bit 2 


D = TxD marking condition 
TxEMT goes low at the beginning of the last data bit or if parity is enabled at the beginning of the parity bit 
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TIMING DIAGRAMS (Cont.) 


RxRDY (Shown for 5-bit characters, no parity, 2 stop bits [in asynchronous mode}) 


RxC a eS ne ee tee aa 














1;2;,3)4; 5)1)7;2;3) 4; 541;21)3;4/;5) 1/2 4,5; 1) 213141) 5 
RxD SYN 1 DATA 1 DATA 2 PS ATAS T DaTAg DATA 5 
WwW 
8 RxEN _| IGNORED 
= 
y) SYNDET | | | | 
© _) STATUS BIT ) 
9° RxRDY 
x states 
9 CE FOR . 
- READ READ READ READ RHR READ RHR READ RHR READ RHR 
STATUS STATUS (DATA 1) (DATA 2) (DATA 3) (DATA 3) 
D 
<> Ai 4) 2)314);5) BC Al1) 2/314;5,| Bi C}-|D}] - ati) 21344) 5; B/C Al] 1;2)3 
w RxD | | | DATA4 
fe) 
= RxEN _ [| 
¥p) 
ae) 
} ee a eae TT 
ra RxRDY 
r 
< | STATUS BIT 
2 CE FOR 
READ rd RHR READ RHR 
(DATA 1) (DATA 3) 
NOTES 
A = Start bit 
B = Stop bit 1 
C = Stop bit 2 


D = TxD marking condition 


TIMING DIAGRAMS (Cont.) 





re A sr RR CERES nA A CP A NE A TEC 
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TIMING DIAGRAMS (Cont.) 


TRANSMIT 


Wee RIT TINE See 
(1, 16, OR 64 CLOCK PERIODS) ~~ 


xc 
(INPUT) 


TxD 


TxC 
(OUTPUT) 


RECEIVE 








READ AND WRITE 





Do - D7 

(WRITE) __ 

Do- D7 BUS | oe ee ee 
(READ) FLOATING es | BUS FLOATING 


<— tpp — tDF 
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TIMING DIAGRAMS (Cont.) 


EXTERNAL SYNCHRONIZATION WITH XSYNC_ 


1X RxC | | | | | | | 
tac — 
es | tes = XSYNC SETUP TIME = 300ns 
XSYNC | ty = XSYNC HOLD TIME = ONE RxC 
° YX : Y\EOYXD 


CHARACTER ASSEMBLY 


BREAK DETECTION TIMING 


Rx CHARACTER 5 BITS, NO PARITY 


- tes Sok el Le he Ee Ll 


LOOK FOR START BIT LOW (IF RxD IS HIGH, 
LOOK Si HIGH TO LOW Tactics 


FALSE START BIT CHECK MADE (RxD LOW) 


MISSING STOP BIT 1ST DATA BIT 
DETECTED SAMPLED 
SET FE BIT MISSING STOP BIT DETECTED SET FE BIT. 
NOTE 0 - RHR, ACTIVATE RxRDY. SET BKDET PIN. 
* If the stop bit is present, the start bit RxD INPUT - RxSR UNTIL A MARK TO SPACE 
: ae TRANSITION OCCURS. 
search will commence immediately. 





© 1990 Microchip Technology Inc. _ SAT DS70007C-11 














AY2661 


ELECTRICAL CHARACTERISTICS 
Maximum Guaranteed Ratings* | 


Operating Temperature Range .............. 0°C to +70°C 
Storage Temperature Range ........... - 55°C to +150°C 
Lead Temperature (soldering, 10 sec.) ........... +325°C 
Positive Voltage on any Pin, 

With respect tO GQrOUN ............ccceccccesssneceseseterseceeeees +18.0V 
Negative Voltage on any Pin, 

with respect tO Ground ......... eee ecesccceceeeeeseeesseeeeeeeeteeeees -0.3V 


DC CHARACTERISTICS 


* Exceeding these ratings could cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of this device at these conditions is 
not implied. Operating ranges are specified in Standard 
Conditions. Exposure to absolute maximum rating 
conditions for extended periods may affect device relia- 
bility. | 

Data labeled "typical" is presented for design guidance 
only and is not guaranteed. 


Operating temperature T, = 0°C to + 70°C, V,, = 5.0V +5% 


Characteristics 


Input Voltage 
Low 
High 
Output voltage 
Low 
High 
Input leakage current 
Output leakage current 
Data bus high 
Data bus low 
Power supply current 
Capacitance 
Input 
Output 
Input/Output 


Test Conditions 


lo, = 2.2mA 
loy = 400HA 
Vin = 0 to 5.5V 


V, = 4.0V 
V, = 0.45V 


fc = 1MHz 
Unmeasured pins tied 
to ground 





DS70007C-12 


© 1990 Microchip Technology Inc. | 





AY 2661 


AC CHARACTERISTICS 
Operating temperature T, = -0°C to +70°C, V.,, = 5.0V +5% 


Characteristics Sym | min | typ | Mex | Units | Test Conditions 


Pulse Width 
Reset 
Chip enable 
Setup and hold time 
Address setup 
Address hold 
R/W control setup 
R/W control hold 
Data setup for write 
Data hold for write 
Rx data setup 
Rx data hold 
Data delay time for read 
Data bus floating time for read 
CE to CE delay 
Input clock frequency 
Baud rate generator 


(2661-1, -2) 

Baud rate generator 
(2661-3) 

TxC or RxC 


Clock width 
Baud rate high fang = 4.915MHz; meas 
(2661-1, -2) ured at V,,, 
Baud rate high fang = 9-0688MHz; meas 
(2661-3) ured at V,, 
Baud rate low fang = 4-915MHz; meas 
(2661-1, -2) ured at V,, 
Baud rate low fang = 0-0688MHz; meas 
(2661-3) ured at V,, 

TxC or RxC high 

TxC or RxC low 

TxD delay from falling C, = 150pF 
edge of TxC 

Skew between TxD C, = 150pF 
changing and falling 
edge of TxC output 





NOTE: 


1. fp, and t,,, shown for all modes except Local Loopback. For Local Loopback mode 
far = 0.7MHz and t,,, = 700ns min. 


RTL 





ts reese snes tt A i ent en ensenegeatitsnaentietent 
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BAUD RATE STANDARDS 


AY2661-A 
(BRCLK = 4.9152MHz) 


Actual Frequency Percent 

mres-20 pad nate | 16XClock Error 

0.8kHz 

1.2 

1.7598 

2.152 

2.4 

3.2 

4.8 

9.6 

16.8329 

19.2 

28.7438 

31.9168 

38.4 

76.8 

153.6 

307.2 


AY2661-B | 
(BRCLK = 4. 9152MHz)_ 


Actual Frequency Percent 

| mrz20 | Baud Rate 46X Clock - Error 

0.7279kHz 

0.8 

1.2 

1.7598 

2.152 

2.4 

4.8 

9.6 

19.2 

28.7438 

31.9168 

38.4 

76.8 

153.6 

307.2 

614.4 








DS70007C-1 4 | | 7 5-14 © 1990 Microchip Technology Inc. 


AY 2661 





BAUD RATE STANDARDS (CONT.) 


AY2661-C 
(BRCLK = 5.0688MHz) 


Actual Frequency Percent 


NOTE 
16X clock is used in asynchronous mode. In synchronous mode, clock multiplier is 1X and BRG can be 
used only for TxC. 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 7 


PART NUMBERS 


AY2261 X /P 


PACKAGE Plastic Dip 


MODEL (See Baud Rate Standards Tables) 
(See Baud Rate Standards Tables) 
| (See Baud Rate Standards Tables) 


DEVICE Programmable Communication Interface 
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AY31015D 


UAR/T: UNIVERSAL ASYNCHRONOUS RECEIVER/TRANSMITTER 





FEATURES 


No Connect 


DTL and TTL compatible - no interfacing circuits 
required - drives one TTL load 

Fully Double Buffered - eliminates need for system 
synchronization, facilitates high-speed operation 
Full Duplex Operation - can handle multiple bauds 
(receiving - transmitting) simultaneously 

Start Bit Verification - decreases error rate with 
center sampling 

Receiver center sampling of serial input; 46% 
distortion immunity 

High Speed Operation 

Three-State Outputs - bus structure capability 
Low Power - minimum power requirements 

Input Protected - eliminates handling problems 
Single Supply Operation: +4.75V to +5.25V 

1 1/2 stop bit mode 

External reset of all registers except control bits 
register 

N-channel lon Implant Process 

0 to 25K baud 

Pull-up resistors to Vcc on all inputs 


PIN CONFIGURATION 
40 LEAD DUAL INLINE 


Top View 


Vcc (+5V) 


GND 
RDE 
RD8& 
RD7 
RD6 
RD5. 
RD4 
RD3 
RD2 
RD1 
PE 
FE 
OR 
SWE 
RCP 
RDAV 


STROBE 


CLOCK 


CLOCK 


INPUT 


STATUS 
WORD 


CONTROL 


16xT © 
16xR o 


SERIAL © 


= TRANSMITTER 


RECEIVER 


OVER RUN o 


DESCRIPTION 


The Universal Asynchronous Receiver/Transmitter 
(UAR/T) is an LSI subsystem which accepts binary 
characters from either a terminal device or a computer 
and receives/transmits this character with appended 
control and error detecting bits. All characters contain a 
start bit, 5 to 8 data bits, 1, 1-1/2, or 2 stop bit capability, 
and either odd/even parity or no parity. In order to make 
the UAR/T universal, the baud, bits per word, parity 
mode, and the number of stop bits are externally se- 
lectable. The device is constructed on a single mono- 
lithic chip. Allinputs and outputs are directly compatible 
with TTL/DTL/CMOS logic without the need for interfac- 
ing components. All strobed outputs are three-state 
logic. 


AY31015D BLOCK DIAGRAM 


TRANSMITTER 
DATA BITS 


© NO PARITY 
NUMBER 
STOP BITS 
5 ODD/EVEN 
PARITY SELECT 
° NUMBER 
DATA BITS 





O SERIAL 
OUTPUT 
END OF 
CHARACTER 


O EXTERNAL 
RESET 


RECEIVER 
DATA BITS 


FRAMING ERROR o 
PARITY ERROR © 
TRANSMITTER o 
BUFFER EMPTY 

DATA o 
AVAILABLE 
RESET DATA 
AVAILABLE 
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PIN FUNCTIONS 








Pin 
Number 





Function 





1 vcc | VCC Power Supply: +5V Supply 
2 N.C. - (Not Connected) 
3 Ground - | Ground 
4 RDE : Received Data Enable: A logic "0" on this input places the received data onto the 
output lines (RD8..RD1). 
5-12 |RD8..RD1) | Received Data Bits: These are the 8 data output lines. Received characters are 
| right justified: the LSB always appears on RD1. These lines have tri-state outputs; 
i.e., they have the normal TTL output characteristics when RDE is "0" and a high 
impedence state when RDE is "1". Thus, the data output lines can be bus struc- 
ture oriented. 
13, PE O | Parity Error: This line goes to a logic "1" if the received character parity does not 
agree with the selected parity. Tri-state when SWE (pin 16) is "1". 
14 FE O Framing Error: This line goes to a logic "1" if the received character has no valid 
| stop bit. Tri-state when SWE (pin 16) is "1". 
15 OR O Over-Run: This line goes to a logic "1"if the previously received character is not 
read (DAV line not reset) before the present character is transferred to the receiver 
holding register. Tri-state when SWE (pin 16) is "1". 
16 SWE Status Word Enable: A logic "0" on this line places the status word bits (PE, FE, 
~ | OR, DAV, TBMT) onto the output lines. A logic "1" puts the status word bit outputs 
into a high impedance state. 
17 RCP | Receiver Clock: This input line requires a clock whose frequency is 16 times (16X) 
the desired receiver baud rate. 
18 RDAV | Reset Data Available: A logic "0" will reset the DAV line. The DAV F/F is the only 
thing that is reset. 
19 DAV O . | Data Available: This line goes to a logic "1" when an entire character has been 
| received and transferred to the receiver holding register. Tri-state when SWE (pin 
16) is "1". Fig. 8. | 
20 Sl | Serial Input: This line accepts the serial bit input stream. A marking (logic "1") to 
| spacing (logic "0") transition is required for initiation of data reception. Fig. 7, 8. 
21 XR | External Reset: Resets all registers. Sets SO, EOC, and TBMT to a logic "1". 


Resets DAV, and error flags to "0". Clears input data buffer. Must be tied to logic. 
"0" when not in use. 
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PIN FUNCTIONS (CONT.) 
Signal | Input/ 
Name _ | Output 


22 TBMT O Transmitter Buffer Empty: The transmitter buffer empty flag goes to a logic "1" 
when the data bits holding register may be loaded with another character. Tri-state. 
See Fig. 14, 16. Tristate when SWE (pin 16) is "1". 











23 DS | Data Strobe: A strobe on this line will enter the data bits into the data bits holding 
register. Initial data transmission is initiated by the rising edge of DS. Data must be 
stable during entire strobe. | 


24 EOC O End of Character: This line goes to a logic "1" each time a full character is transmit- 
ted. It remains at this level until the start of transmission of the next character. See 
Fig. 13, 15. 

25 SO O Serial Output: This line will serially, by bit, provide the entire transmitted character. It 


will remain at a logic "1" when no data is being transmitted. 
26..33 |DB1..DB8 | Data Bit Inputs: There are up to 8 data bit input lines available. 


34 | CS | Control Strobe: A logic "1" on this lead will enter the control bits (EPS, NB1, NB2, 
TSB, NP) into the control bits holding register. This line can be strobed or hard 
wired to a logic "1"level. 


35 NP | No Parity: A logic "1" on this lead will eliminate the parity bit from the transmitted and 
received character (no PE indication). The stop bit(s) will immediately follow the last 
data bit. If not used, this lead must be tied to a logic "0". 


36 TSB | Number of Stop Bits: This lead will select the number of stop bits, 1 or 2 to be 
appended immediately after the parity bit. A logic "0" will insert 1 stop bit and a logic 
"1" will insert 2 stop bits. The combined selection of 2 stop bits and 5 bits/character 
will produce 1 1/2 stop bits. 





37-38 |NB2, NB1 | Number of Bits/Character: These two leads will be internally decoded to select either 
5, 6, 7 or 8 data bits/character. 


NB2 NB1 Bits/Character 


0 0 5 
0 1 6 
1 0 7 
1 1 8 
39 EPS | Odd/Even Parity Select: The logic level on this pin selects the type of parity which 


will be appended immediately after the data bits. It also determines the parity that 
will be checked by the receiver. A logic "0" will insert odd parity and a logic "1" will 
insert even partiy. 


40 TCP Transmitter Clock: This input line requires a clock whose frequency is 16 times (16X) 
the desired transmitter baud rate. 


©1990 Microchip Technology Inc. 5-19 | DS70005C-3 








AY31015D 
ELECTRICAL CHARACTERISTICS 


Maximum Ratings* | 
Vcc(with Respect to GND) .............. eee -0.3 to +16V * Exceeding these ratings could cause permanent damage to the device. 


Storage Temperature............:.:s0:ccee -65°C to +150°C This is a stress rating only and functional operation of this device at these 
Lead Temperature (Soldering, 10 sec) ............ +330°C conditions is not implied. Operating ranges are specified in Standard 


exe Conditions. Exposure to absolute maximum rating conditions for ex- 
Standard Conditions : P ea 


tended periods may affect device reliability. 
(unless otherwise noted) | 


WC se re tena en ach rato oriacea teases eae en, +4.75V to +5.25V 


Data labeled "typical" is presented for design guidance only and is not 
Operating Temperature (TA) .........:. 0°C to +70°C 


guaranteed. 


DC CHARACTERISTICS 


Characteristics min | Typ | Max | Units | Conditions 
PR: DES AE EEE EE eRe eae 


Input Logic Levels (AY31015D) 
Logic 0 0.8 Volts 
Logic 1 2. Voct0.3 | Volts Has internal pull-up resistors to V., 
Input Capacitance 
All inputs 20 pF 0 volts bias, f = 1MHz 
Output Impedance 7 
Hi-Impedance Outputs : Vin = OV 
Data Output Levels 
Logic 0 | lo, = 1-6mA (sink) 
Logic 1 : lo, = 40 WA (source) - at V., = +5V 
Output Capacitance 
_ Power Supply Current 
log At Veg = +5V 

















AC CHARACTERISTICS 

Characteristics Sin Typ Max Units Conditions Remarks 
Clock Frequency DC - 400 kHz at Vo, = +4.75V All AC testing 

_ Baud 0 : 25 kbaud | at V,, = +4.75V waveforms at: 
Pulse Width | | Vi = 2.4V 
Clock Pulse 1.0 - - ys See Fig. 5 V, = 0.8V 
Control Strobe 200 - : | ons See Fig. 11 Voy = 2.0V 
Data Strobe 200 : - ns . See Fig. 10 Vo, = 0.8V 
External Reset 500 - - ns See Fig. 9 
Status Word Enable an 500 - - ns See Fig. 17 
Reset Data Available 200 - - ns See Fig. 18 
Received Data Enable 500 | - - ns See Fig. 17 
Set Up & Hold Time 
Input Data Bits | 20 - - ns See Fig. 10 
Input Control Bits - 20 - f= ons See Fig. 11 
Output Propagation Delay , 7 
TPDO , - - 500 ns See Figs. 17 and 20 
TPD1 7 - - 500 ns See Figs. 17 and 20 
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TIMING DIAGRAMS 


AY31015D 


FIG. 1 UAR/T - TRANSMITTER TIMING 


Ds NOTE 3 
TBMT | | | 
—| k NOTE2 


“DATA. 1 | DATA 2 pat DATA3_ 


“NOTE 1 yar paar be BIT TIME 


: SEE FIGURES 2, 3, 4 FOR DETAILS 


TRANSMITTER INITIALLY ASSUMED INACTIVE AT START OF DIAGRAM. 
SHOWN FOR 8 LEVEL CODE AND PARITY AND TWO STOPS. 


: BIT TIME = 16 CLOCK CYCLES. 


> IF TRANSMITTER IS INACTIVE THE START PULSE WILL APPEAR ON LINE SO 
1 TO 2 CLOCK CYCLES AFTER THE DATA STROBE OCCURS. SEE DETAIL. 


: SINCE TRANSMITTER IS DOUBLE BUFFERED ANOTHER DATA STROBE CAN 
OCCUR ANYWHERE DURING TRANSMISSION OF CHARACTER 1 AFTER TBMT 


GOES HIGH. 


FIG. 2 TRANSMITTER AT START BIT 
NOT A TEST POINT 


TRANSMITTER INACTIVE 
TRANSMIT BUFFER LOADED WHEN EOC HIGH 


START BIT ———?> 


FIG. 4 ALLOWABLE POINTS TO USE 


- 
am 


so [&[a] 2131415] 617] a] e|stor qstor2 


DS Ye REFER TO NOTE #1 


ILLEGAL TO USE CS | LEGAL 


cS 
NOTE 1: 


DS AND CS MAY OCCUR SIMULTANEOUSLY 
WHEN TRANSMITTER INACTIVE. 


NOTE: 


IF CONTROL STROBE IS HARDWIRED TO "1". 
THEN THE CONTROL DATA BITS MUST BE 
STABLE DURING "ILLEGAL CS" TIME. 


DATA 4 








[| 


‘A4! DATA 5 |DATA6 'DAT DATA7 a7 | DE "DATA 8 || 


— +- — 


PARITY ry "STOP 1 STOP 2 | START “DATA 1 


DETAIL: 


3 
cok 1 SLE LE LS 


SO | START 


DATA 
STROBE 


_ FIG. 3 TRANSMITTER AT START BIT 


TRANSMITTER ACTIVE 
TRANSMIT BUFFER LOADED WHEN EOC LOW 


i 
TBMT ae a 
cc [| 


START BIT ———> 


FIG. 5 ALLOWABLE TCP, RCP 


a] ane 
aan nai Beau Je MIN. 
TIL 


MAXIMUM 


DUTY CYCLE * 1 us MIN. 


MINIMUM 
DUTY CYCLE 


50% DUTY 
CYCLE 


ANY PULSE WIDTH WHICH MEETS ABOVE 
CRITERIA IS ALLOWABLE. 
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TIMING DIAGRAMS (CONT,) 


FIG. 6 UAR/T - RECEIVER TIMING 


4" START DATA1 DATA2 DATA3 DATA4 DATA5 DATA6 DATA7 DATA8 PARITY STOP1 STOP2 START DATA1 
=, iss T es ae 
Sipe Ceewsni 


si | 
die 


INTERNAL | | | | | | | 
SAMPLES 


PARITY 
ERROR 


FRAMING 
ERROR 


DATA 
AVAILABLE 


eee eB a Sere A Tl igs hy oor 
A ee gees Be ee es Hee whe bo a 


[See RE eee 
NOTE 1—J 
NOTE 1—— 


—| — 1 cLOcK 
NOTE 2—| | 


NOTE 1 — 
OVER RUN 


NOTES: 

. THIS IS THE TIME WHEN THE ERROR CONDITIONS ARE INDICATED, IF 
ERROR OCCURS. 

. DATA AVAILABLE IS SET ONLY WHEN THE RECEIVED DATA AND PE, FE, OR 
HAVE BEEN. TRANSFERRED TO THE HOLDING REGISTERS. (SEE . 
RECEIVER BLOCK DIAGRAM). 

. ALL INFORMATION IS GOOD IN HOLDING REGISTERS UNTIL DATA 
AVAILABLE TRIES TO SET FOR NEXT CHARACTER. 





FIG. 7 TRUE RECEIVER CENTER SAN- 
PLING ~ 


PL SLT LELEPLIE LLL Lr 


SAMPLE 


I point 


8 CLOCKS 


Ss! | _ SS 7 CLOCKS CEST, 
a | 
| | 
| 


“4 <— IF 10 TRANSITION OF START 
| BIT OCCURS HERE, THEN THE 
| SAMPLE POINT WILL BE fo ok 
INTERNAL SAMPLE PULSE 





FIG. 9 XR PULSE 


WHEN NOT IN USE, XR MUST BE HELD AT GND. 


XR RESETS EVERY REGISTER EXCEPT THE 
CONTROL REGISTER. SO, TBMT EOC ARE 
RESET TO LOGIC "1", ALL OTHER OUTPUTS 
RESET TO LOGIC "0". 


DS70005C-6. 


. ABOVE SHOWN FOR 8 BIT CODE WITH PARITY AND TWO STOP BITS. 
FOR NO PARITY, STOP BITS FOLLOW DATA. 

. FOR ALL LEVEL CODE, THE DATA IN THE HOLDING REGISTER IS 
RIGHT JUSTIFIED, THAT IS, LSB ALWAYS APPEARS IN RD1 (PIN 12). 


FIG. 8 RECEIVER DURING 1ST STOP BIT 







DAV AND STOP BIT ONE 


FIRST STOP BIT 


= STAT rer eo eases Lil 


saa A MESA Gok GNI Gc 








INTERNAL 
SAMPLE 


DAV ON 


Peer, 
SeeSesoe reso pee NON HOI Noe 


raters 
eee ee: 
CELE EEE ET 


fs KAA 





DAV OFF 
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TIMING DIAGRAMS (CONT.) 


FIG. 11A CS FIG. 11B 


VIH — 
NP, TSB, NB2, 
NB1, EPS 200ns —~ 


200ns > 20ns MIN. 


MIN. MIN. 


* 


CONTROL STROBE AND CONTROL BITS MUST BE 
500ns MINIMUM. 


CONTROL BITS MUST BE STABLE FOR LAST 200ns OF CS. 


*20ns MIN. 


FIG. 13 EOC TURN - ON 





LEADING EDGE OF CONTROL DATA IS NOT CRITICAL AS LONG AS 
TRAILING EDGE AND PULSE WIDTH SPECS ARE OBSERVED. 





*20ns MIN. 





FIG. 14 TBMT TURN - OFF FIG. 15 EOC TURN - OFF 
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TIMING DIAGRAMS 


FIG. 16 TBMT TURN - ON FIG. 17 RDE, SWE 


TRI-STATE 
OUTPUTS | 


RD1-RD8 | 1.5V 


PE, FE, OR, 
DA, TBMT 


| 9 500ns 
MAX. 


VOL. 





FIG. 19 SHORT CIRCUIT OUTPUT CURRENT 
(only 1 output may be shorted at a time) 


FIG. 18 RDAV 





200 ns 
MIN. 


RDAV 
vil — SS - 


SHORT CIRCUIT 
OUTPUT CURRENT 


Na 

PM led es 
aa. Eee 
ttt lw | I 
CreT NTT 


Vout 


— 


= 





FIG. 21 +5 VOLT SUPPLY CURRENT 


+5 VOLT SUPPLY CURRENT 


“SEE 
~~. y 
aa. =e 
~ 


; SRR 
NOMINAL ae 


20 30 40 
CASE TEMPERATURE (‘C) 
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1. Turn Power On 
2. Pulse External Reset 
3. Select Baud - 16 x CLK 


TBMT = 1 


EOC = 1 
SO = 1 (Stop Bit) 


Set Control Bits - Pulse CS 
Set Data Bits 

















__Has 
‘DS Been 
Pulsed 


No 











Transmitter 
Shift Register 
Empty? 
(EOC = 1) 





1. Load Transmitter Shift Register 
2. SO = 0 (Start Bit) 
3. EOC =0 






Has 
1 Bit Time 
Elapsed? 


(16 - 16 x CLK) 









Yes 
Shift 1 Bit Right In 
Transmitter Shift Register 


Transmit Start Bit, Data 
Bits, Selected Parity Mode, 
And Stop Bit(s) 









Has 
The Last 
Stop Bit Been On The 
Line For 1 Bit 
Time? 







Yes 


EOC =1 SO=1 


> " 
Yes 


Are 

There New 

Control Bits 
? 






TRANSMITTER 


Power is applied, external reset is enabled and clock pulse 
is applied having a frequency of 16 times the desired baud. 
The above conditions will set TBMT, EOC, and SO to logic 
"4" (line is marking). | 


After initialization is complete, user may set control bits and 
data bits. Control bits selection should occur before data 
bit selection, however, one may set both DS and CS 
simultaneously if minimum pulse width specifications are 
followed. Once Data Strobe (DS) is pulsed the TBMT 
signal will change from a logic "1" to a logic "0" indicating 
that the data bits holding register is filled with a previous 
character and is unable to receive new data bits and 
transmitter shift register is transmitting previously loaded 
data. TBMT will return to alogic "1". When transmitter shift 
register is empty, data bits in the holding register are 
immediately loaded into the transmitter shift register for 
transmission. The shifting of information from the holding 
register to the transmitter shift register will be followed by 
SO and EOC going to a logic "0" and TBMT will also go to 
a logic "1" indicating that the shifting operation is com- 
pleted and that the data bits holding register is ready to 
accept new data. It should be remembered that one full 
character time is now available for loading of the next 
character without loss of transmission speed due to double 
buffering (separate data bits holding register and transmit- 
ter shift register). 


Data transmission is initiated with transmission of a start 
bit, data bits, parity bit (if desired) and stop bit(s). When the 
last stop bit has been on line for one bit time, EOC will go 
to a logic "1" indicating that new character is ready for 
transmission. This new character will be transmitted only 
if TBMT is a logic "0" as was previously discussed. 


a A eee rE 
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FIG. 23 RECEIVER OPERATION 


3. Select Baud - 16 x CLK 
4. Set Control Bits 


1. Turn Power On. 
2. Pulse External Reset — 


Has 
The Line 
Transitioned 
From Marking To 
Spacing 
? 


Has 
A Start Bit 
Been Verified? 
8-16 x CLK 


Yes 


Load Start Bit Into Receiver Shift Register 


~“ 


Has 
1 Bit Time 
Elapsed? 
16-16.x CLK 


Yes - . 


Shift And Load Data Bit Into Receiver Shift Register 


Has 
The Selected Has 
Number Of Data 1 Bit Time 


Bits Been Elapsed 
Received 
? 


Has 


Set Parity Error No The Proper. . 
Register To 1 Parity Bit Been 
? 
— 
1 Bit Time 


Elapsed 
? 


Has 
A Stop Bit 
Been Received 


Set Framing Error |, No Yes , Set Framing Error 
Register To 1 Register To 0 


Set Over Run ~ Yes Set Framing Error 
Transfer Data From Shift Register To Data Holding Register 
DAV = 1 


Examine Outputs Word 
1. Strobe Status Word Enable 
2. Strobe Data Enable 


Reset Data Available DAV = 0 
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RECEIVER 


Power is applied, external reset is enabled and clock pulse 
is applied having a frequency of 16 times the desired baud. 
The previous conditions will set data available (DAV) to a 
logic "0". 

After initialization is complete, user should note that one 
set of control bits will be used for both receiver and 
transmitter making individual control bit setting unneces- 
sary. Datareception starts when serial input signal changes 
from marking (logic "1") to spacing (logic "0") which initi- 
ates start bit. The start bit is valid if, after transition from 
logic "1" to logic "0", the SI line continues to be at logic "0", 
when center sampled, 8 clock pulses tater. If, however, 
line is at a logic "1" when center sampling occurs, the start 
bit verification process will be reset. If the Serial Input line 
transitions from a logic "1" to a logic "0" (marking to 
spacing) when the 16x clock is in a logic "1" state, the bit 
time for center sampling will begin when the clock line 
transitions from a logic "1" to a logic "O"state. After 
verification of a genuine start bit, data bit reception, parity 
bit reception and stop bit(s) reception proceeds in an 
orderly manner. 


While receiving parity and stop bit(s), the receiver will 
compare transmitted parity and stop bit(s) with control 
data bits (parity and number of stop bits) previously set and 
indicate an error by changing the parity error flip flop and/ 
or the framing error flip flop to alogic "1". It should be noted 
that if the No Parity Mode is selected, the PE (parity error) 
will be unconditionally set to a logic "0". 


Once a full character is received, internal logic looks at the 
data available (DAV) signal to determine if data has been 


read out. If the DAV signal is at a logic "1", the receiver will 


assume data has not been read out and the over run flip- 
flop of the status word holding register will be set to a logic 
"4". If the DAV signal is at a logic "0", the receiver will 
assume that data has been read out. After DAV goes toa 
logic "1", the receiver shift register is now ready to accept 
the next character and has one full character time to 
remove the received character. 
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AY31015D 


FIG. 24 TRANSMITTER BLOCK DIAGRAM 
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FIG. 25 RECEIVER BLOCK DIAGRAM 
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AY31015D 


SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. | 


PART NUMBERS 


AY31015D- /P 





Package: P Plastic DIP 

L PLCC 
Temperature Blank 0° C to 70° C only 
Range: 
Device: AY31015D UAR/T 
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® 


AY58116/8116T 


AY58136/8136T 








Microchip 

Dual Baud Rate Generator 
FEATURES PIN CONFIGURATIONS 
s<iaiseey poNeneibaN 18 LEAD DUAL INLINE 


On-chip crystal oscillator 8116/8136 or external 
frequency input 8116/8116T/8136/8136T 

Direct compatibility with VART/USRT 

Dual selectable 16x clock outputs 

High frequency reference output (Available only on 
8136/8136T) 

Reprogrammable ROM allowing generation of non- 
standard frequencies 

TTL, MOS compatibility 

Pin for pin and functionally compatible with SMC's 
COM 8116/81161/8136/8136T 

Microchip Technology Advanced N-Channel Silicon 
Gate Process 


DESCRIPTION 


The Microchip Technology AY58116/8136 Series is a 
very versatile family of Dual Baud Rate Generators. The 
AY58116/8116T and AY58136/8136T are pin for pin 
functionally equivalent to SMC's COM 8116/8116T and 
COM 8136/8136T, respectively. 


The AY58116/8136 is designed to generate the full 
spectrum of 16 asynchronous /synchronous data com- 
munication frequencies for use with 16x and 32x UART/ 
USRT devices. 


An on-chip crystal oscillator available on the 8116 and 
8136 is capable of providing a master reference fre- 
quency. Alternatively, complimentary TTL level clock 
signals can be input to pins 1 and 18. The 8116T and 
8136T are only suitable for this external TTL reference. 
When using TTL outputs to drive the XTAL/EXT inputs, 
they should not be used to drive other TTL inputs due to 
excessive loading which may result in a reduction of 
noise immunity. : 


Dividers are used on the output of the oscillator/buffer 
which generate the output frequencies f, and f,. These 
dividers can divide any integer from 6 to 2'° + 1, inclu- 
sive. When using an even divisor, the output will be 
square; an odd divisor will cause the output to be high 
longer than it is low by one clock period (1/f,). The clock 


AY58116/8116T 
Top View 


XTAL/EXT1 XTAL/EXT2 


XTAL/EXT1 [° 1 XTAL/EXT2 


2 
3 
4 
5 
6 
7 
8 
9 





frequency (f,) is used by the 8136/8136T to provide a 
high frequency output (f,/4). 


The 8116/8136 family allows generation of other fre- 
quencies with the use of its two divisor ROMs which 
contain 16 divisors, each 19 bits wide, allowing for up to 
32 different divisors on custom parts. 


Externally strobed data latches are used to hold the 
divisor select bits, R,- R, and T,-T,. The strobe inputs, 
STR or STT, allow data to pass directly through the data 
latch when in the high state. Anew frequency is initiated 
within 3.5 usec of a change in any of the four divisor 
select bits read by the device. Pull-up resistors are 
provided on the divisor select inputs which are not 
present on the strobe inputs. 
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AY58116/8116T 
AY58136/8136T 


PIN FUNCTIONS | 


: Signal — Function 
1 
2 
3 


XTAL/EXT1 Input is either one pin of the crystal package or one polarity of 
the external input. 


Positive power supply - normally +5V. 


This output runs at a frequency selected by the Receiver divisor 
select data bits. 


R,>R,,R..R, These inputs, as shown in Table 1, select the receiver output 
frequency, f,.. 


STR A high level input strobe loads the receiver data (R,,R,,R,,R,) 
into the receiver divisor select register. This input may be 
strobed or hard-wired to a high level. 

NC 

NC or £,/4 NC (8116/8116T), f,/4 (8136/8136T). 

GND Ground. 

STT A high level inut strobe loads the transmitter data 
(T,,1,,1,,1,) into the transmitter divisor select register. 


This input may be strobed or hard-wired to a high level. - 


Tl cal eels These inputs, as shown in Table 1, select the transmitter output 
_ frequency, f,. 


This output runs at a frequency selected by the transmitter 
divisor select data bits. 


XTAL/EXT2 This input is either the other pin of the crystal package or the 
other polarity of the external input. 





TIMING DIAGRAM 





Vin 
STROBE 
Vit 


Vin 
DIVISOR 
SELECT 
DATA, 
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ELECTRICAL CHARACTERISTICS 


Maximum Ratings” 


Operating Temperature Range ............... 0°C to +70°C 
Storage Temperature Range ............. -55°C to +150°C 
Positive Voltage on any Pin, 

with respect to QrouUNd ......... eee eeeeeeeesteeeees +8.0V 
Negative Voltage on any Pin, 

with respect tO QrOUN ........ ee eeesetsteeeeeeees -0.3V 
Standard Conditions (unless otherwise noted): 


T, = 0°C to +70°C, Vo, = +5V +5% 


DC CHARACTERISTICS 


Characteristic 


Input Voltage Levels 
Low Level 

High Level 

Output Voltage Levels 
Low Level 


High Level 

Input Current 

Low Level 

Input Capacitance All inputs 
Power Supply Current 


Characteristic 


Clock Frequency 

Strobe Pulse Width 

Input Set-up Time 

Input Hold Time 

Strobe to new Frequency 
Delay 


CRYSTAL SPECIFICATIONS 


Temperature range 0°C to +70°C 
Series resistance <50Q 

Series resonant 

Overall tolerance + 0.01% 


AY58116/8116T 
AY58136/8136T 


* Exceeding these ratings could cause permanent 
damage to the device. This is a stress rating only and 
functional operation of this device at these conditions is 
notimplied. Operating ranges are specified in Standard 
Conditions. Exposure to absolute maximum rating 
conditions for extended periods may affect device 
reliability. 


Data labeled "typical" is presented for design guidance 
only and is not guaranteed. 


Conditions 


excluding XTAL inputs 


lo, = 1.6mA, for f,/4, 
lb, = 3.2mA, for f,, f, 
low = -100LA 


Vin = GND, R,-R, & T,-T, only 
Vy = GND, excluding XTAL inputs 


@f, = 5.0 MHz 
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AY58116/8116T 


AY58136/8136T 
-CRYSTALOPERATION —SEXTERNAL INPUT OPERATION AY58116/ 


~ AY58116/8136 Zz 81161/8136/8136T 





74XX ? 
TTL 





74XX - TOTEM POLE OR OPEN COLLECTOR 
OUTPUT (EXTERNAL PULL-UP 
RESISTOR REQUIRED) 


~ BLOCK DIAGRAM: AY58116/8116T/8136/8136T 
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AY58116/8116T 
AY58136/8136T 


Table 1 Output Frequency AY58116/8116T/8136/8136T 
REFERENCE FREQUENCY = 5.068800 MHz 
Actual 


Frequency 
(KHz) 


Actual 
Baud 
Rate 


Desired 
Baud 
Rate 


Desired 
Frequency 
(KHz) 


Divisor 
Select 
DCBA 


Clock 


Factor Deviation 


Divisor 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


50.00 


75.00 


110.00 


134.50 


150.00 


300.00 


600.00 


1200.00 


1800.00 


2000.00 


2400.00 


3600.00 


4800.00 


16X 


16X 


16X 


16X 


16X 


16X 


16X 


16X 


16X 


16X 


16X 


16X 


16X 


0.80000 


1.20000 


1.76000 


2.15200 


2.40000 


4.80000 


9.60000 


19.20000 


28.80000 


32.00000 


38.40000 


5/7.60000 


76.80000 


50.00 


75.00 


110.00 


134.52 


150.00 


300.00 


600.00 


1200.00 


1800.00 


2005.06 


2400.00 


3600.00 


4800.00 


0.800000 


1.200000 


1.760000 


2.152357 


2.400000 


4.800000 


9.600000 


19.200000 


28.800000 


32.081013 


38.400000 


57.600000 


76.800000 


0.0000% 


0.0000% 


0.0000% 


0.0166% 


0.0000% 


0.0000% 


0.0000% 


0.0000% 


0.0000% 


0.2532% 


0.0000% 


0.0000% 


~0.0000% 





1101 7200.00 16X 115.20000 7200.00 115.200000 0.0000% 


1110 9600.00 16X 153.60000 9600.00 153.600000 0.0000% 


1111 19200.00 16X 307.20000 19800.00 316.800000 3.1250% 





rr nna PA A ES 
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AY58136/8136T 


Table 1 (Cont.) Output Frequency AY58116/8116T/8136/8136T-005. 


Divisor 
Select 
DCBA 


0000 
0001 
0010 
0011 


0100 


Desired 
Baud 
Rate 

50.00 

75.00 

110.00 

134.50 


150.00 


Desired 


Frequency 


(KHz) 


0.80000 


1.20000 - 


1.76000 


2.15200 


2.40000 


50.00 


75.00 


109.93 


134.50 


150.00 


REFERENCE FREQUENCY = 4.915200 MHz 


Actual 


Frequency 


(KHz) 
0.800000 
1.200000 
1.758983 
2.152000 


2.400000 


Deviation 
0.0000% 
0.0000% 
0.0100% 
0.0000% 


0.0000% 


0101 300.00 4.80000 300.00 4.800000 0.0000% 
0110 600.00 9.60000 600.00 9.600000 0.0000% 


0111 1200.00 | 19.20000 1200.00 19.200000_. 0.0000% 


1000 1800.00 28.80000 7 1796.49 28.743859 0.1949% 


1001 2000.00 32.00000 1994.81 31.916883 0.2597% 


1010 2400.00 38.40000 | 2400.00 32.000000 0.0000% 


1011 3600.00 57.60000 3614.11 57.825882 0.3921% 


1100 4800.00 76.80000 4800.00 76.800000 0.0000% 


1101 7200.00 115.20000 7144.19 114.306976 0.7751% 


1110 9600.00 153.60000 9600.00 153.600000 0.0000% 


1111 19200.00 307.200000 | 0.0000% 


307.20000 ~ 19200.00 
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AY58116/8116T 
AY58136/8136T 


Table 1 (Cont.) Output Frequency AY58116/8116T/8136/8136T-006 
REFERENCE FREQUENCY = 5.068800 MHz 


Divisor 
Select 
DCBA 


Desired 
Baud 
Rate 


50.00 


75.00 


110.00 


134.50 


150.00 


200.00 


300.00 


600.00 


1200.00 


1800.00 


2400.00 


3600.00 


4800.00 


7200.00 


9600.00 


19200.00 


Desired 
Frequency 
(KHz) 

1.60000 
2.40000 
3.52000 
4.30400 
4.80000 
6.40000 
9.60000 
19.20000 
38.40000 
57.60000 
76.80000 
115.20000 
153.60000 
230.40000 


307.20000 


614.40000 


Actual 
Baud 
Rate 


50.00 


75.00 


110.00 


134.52 


150.00 


200.00 


300.00 


600.00 


1200.00 


1800.00 


2400.00 


3600.00 


4800.00 


7200.00 


9900.00 


19800.00 


Actual 
Frequency 
(KHz) 
1.60000 
2.40000 
3.52000 
4.30600 
4.80000 
6.40000 
9.60000 
19.20000 


38.40000 


57.60000 


-76.80000 


115.20000 


153.60000 


230.40000 


316.80000 


633.60000 


Deviation 


0.0000% 


0.0000% 


0.0000% 


0.0600% 


0.0000% 


0.0000% 


0.0000% 


0.0000% 


0.0000% 


0.0000% 


0.0000% 


0.0000% 


0.0000% 


0.0000% 


3.1250% 


3.1250% 
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AY58136/8136T 


SALES AND SUPPORT 


To order or to obtain information,.e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 














PART NUMBERS 
AY5 81X6 T/P XXX 
| 
MODEL 005 See Output 
006 Frequency Tables 
—————| PACKAGE P Plastic DIP 
VERSION - On-Chip Oscillator 
T TTL Capability 
| VERSION 1 Pin8=NC 
3 Pin 8 = (fx/4) 








1 DEVICE AY581X6 Dual Baud Rate Generator 
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® 
Microchip 


AY58126/8126T 
AY58146/8146T 


SINGLE BAUD RATE GENERATOR 





FEATURES 


Single +5V power supply 

On-chip crystal oscillator 8126/8146 or external 
frequency input 8126/8126T/8146/8146T 

Direct compatibility with UART/USRT 

Choice of 16x clock outputs 

High frequency reference output (Available only on 
8146/8146T) 

Reprogrammable ROM allowing generation of non- 
standard frequencies 

TTL, MOS compatibility 

Pin for pin and functionally compatible with SMC's 
COM 8126/8126T/8146/8146T 

Microchip Technology Advanced N-Channel Silicon 
Gate Process 


DESCRIPTION 


The Microchip Technology AY58126/8146 Series is a 
very versatile family of Single Baud Rate Generators. 
The AY58126/8126T and AY58146/8146T are pin for 
pin functionally equivalent to SMC's COM 8126/8126T 
and COM 8146/8146T, respectively. 


The AY58126/8146 is designed to generate the full 
spectrum of 16 asynchronous /synchronous data com- 
munication frequencies for use with 16x and 32x UART/ 
USRT devices. 


An on-chip crystal oscillator available on the 8126 and 
8146 is capable of providing a master reference fre- 
quency. Alternatively; complimentary TTL level clock 
signals can be input to pins 1 and 2. The 8126T and 
8146T are only suitable for this external TTL reference. 
When using TTL outputs to drive the XTAL/EXT inputs, 
they should not be used to drive other TTL inputs due to 
excessive loading which may result in a reduction of 
noise immunity. 


Dividers are used on the output of the oscillator/ouffer 
which generate the output frequency f,. This divider can 
divide any integer from 6 to 2'° + 1, inclusive. When 
using an even divisor, the output will be square; an odd 
divisor will cause the output to be high longer than it is 





PIN CONFIGURATIONS 
14 LEAD DUAL INLINE 


AY58126/8126T 
Top View 


XTAL/EXT1 
XTAL/EXT2 


AY58146/8146T 


Top View 


XTAL/EXT 1 
XTAL/EXT2 


low by one clock period (1/f,). The clock frequency (f,) 
is used by the 8146/8146T to provide a high frequency 
output (f,/4). 


The 8126/8146 family allows generation of other fre- 
quencies with the use of its two divisor ROMs which 
contain 16 divisors, each 19 bits wide, allowing for up to 
32 different divisors on custom parts. 


Externally strobed data latches are used to hold the 
divisor select bit T,-T,. The strobe input STT allows 
data to pass directly through the data latch when in the 
high state. A new frequency is initiated within 3.5 usec 
of a change in any of the four divisor select bits read by 
the device. Pull-up resistors are provided on the divisor 
select inputs which are not present on the strobe inputs. 
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_ AY58126/8126T 
AY58146/8146T 


PIN FUNCTIONS 





Pin Number 


XTAL/EXT 1 


XTAL/EXT2 


NC or f,/4 


STT 


To ToT T, 


TIMING DIAGRAM 


Vin 
STROBE 
Vi 


lH 


_V 
DIVISOR ~ 
SELECT 

DATA v, 
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Function 


Input is either one pin of the crystal package or one polarity of 
the external input. 

This input is either the other pin of the crystal package or the 

other polarity of the external input. 


Positive power supply - normally +5V. 


Ground. 


NC (8126/81267), f,/4 (8146/8146T). 


A high level input strobe loads the transmitter data (T,, T,, T., 
T,) into the transmitter divisor select register. This input may 
be strobed or hard-wired to a high level. 


These inputs, as shown in the Tables p.5 ff, select the 
transmitter output frequency, f,. 


This output runs at a frequency selected by the transmitter 
divisor select data bits. 
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AY58126/8126T 
AY58146/8146T 


ELECTRICAL CHARACTERISTICS 


Maximum Ratings” * Exceeding these ratings could cause permanent 
damage to the device. This is a stress rating only and 


Operating Temperature Range .............. ue a ve functional operation of this device at these conditions is 
Storage Temperature Range ae: “55°C to +150°C notimplied. Operating ranges are specified in Standard 
Positive Voltage on any Pin, Conditions. Exposure to absolute maximum rating 
with respect to ground seb euededeatacesslegecdeneececwteces +8.0V conditions for extended periods may affect device 
Negative Voltage on any Pin, reliability. 
with respect to QroUN .........eeeeeeseeeteeeeeeees -0.3V Data labeled "typical" is presented for design guidance 
ndar ndition only and is not guaranteed. 


(unless otherwise noted): 
T, = 0°C to +70°C, V,, = +5V +5% 


DC CHARACTERISTICS 


Characteristic 


Input Voltage Levels 
Low Level 
High Level V - excluding XTAL inputs 
Output Voltage Levels | 
Low Level ; ly. = 1.6mA, for f,/4, 

= lb, = 3.2mA, for f,, f, 
High Level : loy = -100LA 
Input Current 
Low Level Vin = GND, T,-T, only 
Input Capacitance All inputs Vy = GND, excluding XTAL inputs 
Power Supply Current 


AC CHARACTERISTICS 


Characteristic 


Clock Frequency 

Strobe Pulse Width 

Input Set-up Time 

Input Hold Time 

Strobe to new Frequency @f, = 5.0 MHz 
Delay 


CRYSTAL SPECIFICATIONS 


Temperature range 0°C to +70°C 
Series resistance < 50Q 

Series resonant 

Overall tolerance + 0.01% 





a a EAT Ne ee mae wee ee en ena ee ee ee ee ERE 
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AY58146/8146T 












EXTERNAL INPUT OPERATION 
AY58126/81261/8146/8146T 








CRYSTAL OPERATION 
 AY58126/8146 





74XX - TOTEM POLE OR OPEN COLLECTOR 
OUTPUT (EXTERNAL PULL-UP 
RESISTOR REQUIRED) 








BLOCK DIAGRAM: AY58126/8126T/81 46/81 46T 
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REPROGRAMMABLE 
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EXT2 
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AY58126/8126T 














AY58146/8146T 
OUTPUT FREQUENCY 
AYS8126/81261/8146/8146 Reference Frequency = 5.068800 MHz 
Divisor Desired Desired Actual Actual 
Select Baud Frequency Baud Frequency 
DCBA Rate (KHz) Divisor Rate (KHz) Deviation 
0000 50.00 16X 0.80000 6336 50.00 0.800000 0.0000% 
0001 75.00 16X 1.20000 4224 75.00 ‘1.200000 0.0000% 
0010 110.00 16X 1.76000 2880 110.00 1.760000 0.0000% 
0011 134.50 16X 2.15200 2355 134.52 2.152357 0.0166% 
0100 150.00 | 16X 2.40000 2112 150.00 2.400000 0.0000% 
0101 300.00 16X 4.80000 1056 300.00 4.800000 0.0000% 
0110 600.00 16X 9.60000 528 600.00 9.600000 0.0000% 
0111 1200.00 16X 19.20000 264 1200.00 19.200000 0.0000% 
1000 1800.00 16X 28.80000 176 1800.00 28.800000 0.0000% 
1001 2000.00 16X 32.00000 158 2005.06 32.081013 0.2532% 
1010 2400.00 16X 38.40000 132 2400.00 38.400000 0.0000% 
1011 3600.00 16X 57.60000 88 3600.00 57.600000 0.0000% 
1100 4800.00 16X 76.80000 66 4800.00 76.800000 0.0000% 
1101 7200.00 16X 115.20000 © 44 7200.00 Al 15.200000 0.0000% 
1110 9600.00 16X 153.60000 33 9600.00 153.600000 0.0000% 
1111 19200.00 16X 307.20000 16 19800.00 316.800000 3.1250% 


a a a a a ec ee a CE CTT ee A a Ae a ee Fae aE ee Se SE EO ed 
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AY58146/8146T 


OUTPUT FREQUENCY 
AY58126/8126T/8146/8146T-005 


Reference Frequency = 4.915200 MHz 


Divisor Desired Desired Actual Actual 


Select 


DCBA 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


Baud 


150.00 


. 300.00 


600.00 


Frequency 


0.80000 
1.20000 
1.76000 
2.15200 
2.40000 


4.80000 


Baud 
Rate 


75.00 


109.93 


~ 134.50 


150.00 


300.00 


Frequency 
(KHz) 


0.800000 
1.200000 
1.758983 
2.152000 
2.400000 


4.800000 


Deviation 
0.0000% 
0.0000% 
0.0636% 
0.0000% 
0.0000% 
0.0000% 


0.0000% 


9.60000 | 600.00 9.600000 
0111 1200.00 | 19.20000 1200.00 1 9.200000 0.0000% 
1000 1800.00. 28.80000 | 1796.49 28.743859 0.1 949% 
1001 2000.00 32.00000 7 1994.81 31.916883 0.2597% 
1010 2400.00 38.40000 2400.00 38.400000 0.0000% 
1011 3600.00 57.60000 3614.11 97.825882 0.3921% 
1100 4800.00 76.80000 4800.00 76.800000 |  0.0000% 
1101 7200.00 115.20000 7144.19 114.306976 0.7751% 


1110 9600.00 153.60000 9600.00 153.600000 0.0000% 


1111 19200.00 307.20000 19200.00 307.200000 0.0000% 
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AY58126/8126T 
AY58146/8146T 


OUTPUT FREQUENCY 
AY58126/8126T/8146/8146T-006 


Reference Frequency = 5.068800 MHz 














Actual Actual 
Baud Frequency 


Divisor Desired Desired 


Select Baud Clock 


DCBA 
0000 
0001 
0010 

0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 


1110 


Rate 


134.50 


150.00 


200.00 


300.00 


600.00 


1200.00 


1800.00 


2400.00 


3600.00 


4800.00 


7200.00 


9600.00 


Frequency 
Factor (KHz) 


1.60000 
2.40000 
3.52000 
4.30400 
4.80000 
6.40000 
9.60000 
19.20000 
38.40000 
57.60000 
76.80000 
115.20000 
153.60000 
230.40000 


307.20000 


Divisor 


Rate 


150.00 


200.00 


300.00 


600.00 


1200.00 


1800.00 


2400.00 


3600.00 


4800.00 


7200.00 


9900.00 


1.60000 
2.40000 
3.52000 
4.30600 
4.80000 
6.40000 
9.60000 

19.20000 
38.40000 
57.60000 
76.80000 

115.20000 

153.60000 

230.40000 


316.80000 


Deviation 


0.0000% 


0.0000% 


0.0000% 


0.0600% 


0.0000% 


0.0000% 


0.0000% 


0.0000% 


0.0000% 


0.0000% 


0.0000% 


0.0000% 


0.0000% 


0.0000% 


3.1250% 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 


or the listed sales offices. 


PART NUMBERS 


AY5 81X6 T/P XXX 











1 MODEL 





[ 





—| PACKAGE 














| VERSION 


| VERSION 











005 
006 


——{ DEVICE AY581X6 





See Output 
Frequency Tables 


Plastic DIP 





On-Chip Oscillator 
TTL Capability 


Pin 8 =NC 
Pin 8 = (fx/4) 


Dual Baud Rate Generator 
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® 
Microchip 





AY38910A 
AY38912A 





PROGRAMMABLE SOUND GENERATOR 





FEATURES 


¢ Industry standard programmable sound generator 

¢ Register oriented architecture for ease of use 

¢ Full software control of sound generation 

¢ Easily interfaces to most 8-bit and 16-bit micropro- 
cessors 

¢ Three independently programmable analog outputs 

¢ One or two 8-bit I/O ports 

¢ Single 5 volt supply 

° 0° to 70° C operation 

¢ 40 pin or 28 pin package option 


APPLICATIONS 


* Arcade games 

¢ Warning alarms 

¢ Special effects 

¢ Personal computers 
« Music synthesis 


40 LEAD DUAL INLINE - AY38910A 
























Vss (GND) 
No Connect 
Analog Channel B 


Vcc (+5V) 
No Connect 





Analog Channel! A DAO 
No Connect DA1 

1OB7 DA2 
1IOB6 DA3 
lIOB5 DA4 
lIOB4 DA5 
lIOB3 DA6 
IOB2 DA7 
1IOB1 BC1 
{OBO BC2 
IOA7 BDIR 
IOA6 No Connect 
IOA5 A8& 
lIOA4 AQ 
lIOA3 RESET 
lOA2 Clock 
IOA1 IOAO 


PIN CONFIGURATION 
Top View 


Analog Channel C 


DESCRIPTION 


The AY38910A/38912A Programmable Sound Genera- 
tor (PSG) is an LSI circuit which can produce a wide 
variety of complex sounds under software control. The 
AY38910A/3891 2A is manufactured in Microchip Tech- 
nologys N-Channel lon Implant Process. Operation 
requires a single +5V power supply, a compatible clock, 
and a microprocessor controller, such as the PIC series 
of 8-bit microcomputers. 


The PSG is easily interfaced to any bus oriented system. 
Its flexibility makes it useful in applications such as 
music synthesis, sound effects generation, audible 
alarms, tone signaling, and personal computer usage. 
In order to generate sound effects while allowing the 
processor to perform other tasks, the PSG can continue 
to produce sound after the initial commands have been 
given by the control processor. The fact that realistic 
sound production often involves more than one compo- 
nent is satisfied by the three independently controllable 
analog sound output channels can each provide 4 bits of 
logarithmic digital to analog conversion, greatly enhanc- 
ing the dynamic range of the sounds produced. 


28 LEAD DUAL INLINE - AY38912A 





Analog Channel C 
No Connect 

Vec (+5V) 

Analog Channel B 
Analog Channel A 
Vss (GND) 

lOA7 

lIOA6 

IOA5 

lIOA4 

lIOA3 

lOA2 

1OA1 

lOAO 




















pisee OA/AY3891 2A 


DESCRIPTION (CTD. ) 

All circuit control signals are digital in nature and may circuitry. Since the frequency response of the PSG 
be provided directly by a microprocessor/microcom- ranges from sub-audible at its lowest frequency to 
puter. Therefore, one PSG can produce the full post-audible at its highest frequency, there are few 
range of required sounds with no change in external sounds which are beyond reproduction. 


AY389XXA BLOCK DIAGRAM 


AQ AS BDIR BC2 BC1 DA7-DAO 


RESET 


Tt —t _ 
BUS 


CONTROL 


BUFFERS 
DECODE 
NOISE 
REEREES a 
pecan —OT | | om | os | oa | om | oe | | 0 


etary Channel A Tone Period SASS — cz ONT TONE 


BI-DIRECTIONAL 


GENERATORS |_ A 


a 4: a Coarse Tune B 3) [8]. mixers 


REGISTER Spe Cae 517 Coarse Tune . 
‘ee Pete Te KK secre 


LATCH/ 
DECODER a AZ | Enable So = ee 


_ [esol eo] s [a 
Cramel A Anpiide KOSS wis pe Ppt 
Cm Tari] chem Anpitue RN SS Ee 
—e[Ri2] Channel C Amplitude Reeeesnny M_| 13 [re Ptr [to bh 
| pel aa ; d al Fine Tune E 
pani Envelope Perio i Goarse Tune E 
—P Ri5| Envelope Shapa/Gycle SSRN SSICONT 
Bag ES 0 Port A Data Store BIT PARALLEL /O on PortA | 
= BIT PARALLEL I/O Port B 





REGISTER ARRAY 
(16 READ/WRITE 
CONTROL REGISTERS) 


10B7-IOBO 1OA7-IOAO 
ANALOG 
CHANNELS 





PIN FUNCTIONS 


DA7-DAO (Input /Output/High Impedence) Address 9, Address 8 
Data/Address Bits 7-0: Pins 30-37 (AY38910A) A8 (input): Pin 25 (AY38910A) 

, Pins 21-28 (AY38912A) Pin 17 (AY38912A) 
These 8 lines comprise the 8-bit bidirectional bus used by AQ (input): Pin 24 (AY38910A) 
the microprocessor to send both data and addresses to Not available (AY38912A) 
the PSG and to receive data from the PSG. In the High order address bits A9 and A8 are fixed to recognize 
address mode, DA3-DAO select the internal register a"01"code. They may be left unconnected as each is 
address (0-17,) and DA7-DA4 in conjunction with ad- provided with either an on chip pull-down (A9) or pull-up 
dress inputs A9 and A8, form the chip select function. (A8) resistor. In noisy environments, however, it is: 
When the high order address bits are "incorrect", the recommended that A9 and A8 be tied to external ground | 
bidirectional buffers are forced to a high impedence state. and +5V respectively if they are not to be used. 
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RESET (Input) 


Pin 23 (AY38910A) 

Pin 16 (AY38912A) 
For initialization/power-on purposes, applying a low level 
input to the RESET pin will reset all registers to 08. The 
RESET pin is provided with an on-chip pull-up resistor. 


CLOCK (Input) 








Pin 22 (AY38910A) 

Pin 15 (AY38912A) 
This TTL compatible input supplies the timing reference 
for the Tone, Noise, and Envelope Generators. 


BDIR, BC2, BC1 (inputs) 


AY38910A/AY38912A 


For example, if these bus control signals are generated 
directly by a microprocessor to control all bus opera- 
tions internal and external to the PSG, then the follow- 
ing Bus Control Function Table applies. 

Interfacing to a processor simply requires simulating 
the decoding shown in the Function Table. The redun- 
dancies in the PSG functions vs. bus control signals 
can be used as an advantage in that only four of the 
eight possible decoded bus functions are required by 
the PSG. This could reduce the programming of the 
bus control signals to the following Simplified Bus 
Control Function Table which would only require that 
the processor generate two bus control signals (BDIR 
and BC1, with BC2 tied to +5V). 


Pins 27,28,29 (AY38910A) 

Pins 18,19,20 (AY38912A) 
The Bus DilRection, Bus Control 2 and Bus Control 1 are 
used to control the PSG. 


BUS CONTROL FUNCTION TABLE 


Inputs Microprocessor PSG 
BDIR BC2 BC1 Function Function 


INACTIVE. See 010 (IAB) below. 
LATCH ADDRESS. See 111 (INTAK) below. 


INACTIVE. The PSG/CPU bus is inactive. DA7-DAO are 
ina high impedance state. 


READ FROM PSG. This signal causes the contents of 
the register which is currently addressed to appear on the 
PSG/CPU bus. DA7-DAO are in the output mode. 

LATCH ADDRESS. See 111 (INTAK) below. 

INACTIVE. See 010 (IAB) above. 

WRITE TO PSG. This signal indicates that the bus 
contains register data which should be latched into the 
currently addressed register. DA7-DAO are in the input 
mode. 

LATCH ADDRESS. This signal indicates that the bus 
contains a register address which should be latched in the 
PSG. DA7-DAO are in the input mode. _ 





SIMPLIFIED BUS CONTROL FUNCTION TABLE 


Inputs 
BDIR BC2 BC1 


INACTIVE. 
READ FROM PSG. 


WRITE TO PSG. 


FROM 
LATCH ADDRESS. PROCESSOR 
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Analog Channel A, B, C (Outputs) 


Pins 4,3,38 (AY38910A) 

Pins 5,4,1 (AY38912A) 
Each of these signals is the output of its corresponding 
digital to analog converter and provides 1V peak-peak 
(max) signal representing the complex sound wave- 
shape generated by the PSG. 


No Connect 


Pins 2,5,26,39 (AY38910A) 

Pins 2 (AY38912A) 
These pins are for Microchip Technology test purposes 
only and should be left open. Do not use as tie-points. 


Vec 


Pins 40 (AY38910A) 
Pin 3 (AY38912A) 
Nominal +5 Volt power supply to the PSG. 


< 


$s 


Pin 1 (AY38910A) 
Pin 6 (AY38912A) 
Ground reference for the PSG. 


ARCHITECTURE 


The AY38910A/AY38912A is a register oriented Pro- 
grammable Sound Generator (PSG). Communication 
between the processor and the PSG is based on the 
concept of memory-mapped I/O. Control commands 
are issued to the PSG by writing to 16 memory-mapped 
registers. Each of the 16 registers within the PSG is 
also readable so that the microprocessor can deter- 
mine, as necessary, present states or stored data val- 
ues. Allfunctions of the PSG are controlled through the 
16 registers which, once programmed, generate and 


sustain the sounds, thus freeing the system processor. 


for other tasks. 


Register Array 


The principle element of the PSG is the array of 16 read/ 
write control registers. These 16 registers look to the 
CPU as a block of memory and as such occupy a 16 
word block out of 1,024 possible addresses. The 10 
address bits (8 bits on the common data/address bus, 
and 2 separate address bits) are decoded as follows: 


[a [2 [om] neon] on | 0 [on] oo 


THROUGH 
0 tl Oko @ [oe aif a a a, | 
NY 





HIGH ORDER LOW ORDER 
(Chip Select) (Register No.) 
~ DS50008C-4 
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The four low order address bits select one of the 16 
registers (ROs-R17s8). The six high order address bits 
function as chip selects to control the tri-state bidirec- 
tional buffers (when the high order address bits are 
incorrect, the bidirectional buffers are forced to a high 
impedance state). High order address bits A9, A8 are 
fixed in the PSG design to recognize a "01" code; high 
order address bits DA7-DA4 are programmed to recog- 
nize only a "0000" code. All addresses are latched 
internally. This internally latched address is updated 
and modified on every latch address signal presented to 
the PSG via the BDIR, BC2 and BC1 inputs. A latched 
address will remain valid until the receipt of a new 
address, enabling multiple reads and writes of the same 
register contents without the need for redundant re- 
addressing. 


Conditioning of the Register Address Latch/Decoder 
and the Bidirectional Buffers to recognize the bus function 
required (Inactive, Latch Address, Write Data) is accom- 
plished by the Bus Control Decode block. 


Sound Generating Blocks 
The basic blocks in the PSG which produce the pro- 


grammed sounds include: 


Tone Generators Produce the basic square wave 
tone frequencies for each chan- 
nel (A, B, C). 

Produces a pulse width modu- 

lated pseudo-random square 

wave output. 

Mixers Combine the outputs of the Tone 

Generators and the Noise Gen- 
erator; per channel (A,B,C). 

Envelope Generator Produces an envelope pattern 
which can be used to amplitude 
modulate the output of each 
Mixer. 

Provides the D/A Converters 
with either a fixed or variable 
amplitude pattern. Fixed am- 
plitude is under direct CPU 
control. Variable amplitude is 
accomplished via the output of 
the Envelope Generator. 

The three D/A Converters each 
produce a 16 level (max) output 
signal as determined by the 
Amplitude Control. 


Noise Generator 


Amplitude Control 


D/A Converters 
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OPERATION 


Since all PSG functions are processor controlled by 
writing to the internal registers (see table). A detailed 
description of the PSG operation may best be accom- 
plished by relating each PSG function to control of the 
corresponding register. The function of creating or 
programming a specific sound effect logically follows 
the control sequence shown in the figure below. 


Tone Generator Control (RO - R5) 


The frequency of each square wave generated by the 
three Tone Generators (one each for Channels A, B, 
and C) is obtained by first dividing the input clock by 16 
then by further dividing the result by the programmed 12 
bit Tone Period value. Each 12-bit tone period value is 
obtained by combining the contents of the respective 
Coarse and Fine Tune registers, as illustrated. 


INTERNAL REGISTERS 


Tone Generator Program tone periods 
Control 
Noise Generato 
Control 


Mixer Control 


Program noise period 


Enable tone and/or 
noise on selected 
channels 

Amplitude R108-R128 | Select fixed or variable 
Control (envelope) amplitudes 
Envelope Gene-| R138-R15s8 | Program envelope pe 
rator Control riod, select envelope 
pattern 


CONTROL SEQUENCE 
COARSE TUNE 


ele [e[ ey] ele [alo 
ee 


Not Used 





TUNE REGISTERS 

Coarse Tune Fine Tune 

Register Channel Register 
R1 A RO 
R3 B R2 


Noise Generator Control ( R6 









The frequency of the noise source is obtained by dividing 
the input clock by 16, then by further dividing the result 
by the programmed 5 bit Noise Period value. This 5 bit 
value consists of the lower 5 bits (B4-BO) of register R6, 
as illustrated: 


NOISE PERIOD REGISTER (R6) 


eT [=| «l= [= [e[o 
Ne ela on Sta) Wi ae ephnsee  gaee 


Not Used 5-bit Noise Period(NP) 
to Noise Generator 





FINE TUNE 


12-bit Tone Period (TP) to Tone Generator 


1. The period of the output of the tone generator is therefore determined by: 16 x TP x P where P = 
the period of the input clock. | 
2. If the Coarse and Fine Tune registers are both set to 0008, the resulting period will be minimum, 
ie., the generated tone period will be as if the Coarse Tune register was set to 0008 and the Fine 
Tune register set to 0018. 





a NE TE I TT IEE ST TE, a TE Te OT, IE EE AT TE a OE 
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Mixer Control - I/O Enable (R7) 


Register R7 is a multi-function ENABLE register which 
controls the three Noise/Tone Mixers. 


The mixers, as previously described, combine the noise 
and tone frequencies for each of the three channels. 
The determination of combining neither/either/both noise 
and tone frequencies on each channel is made by the 
state of bits B5-BO of register R7, as illustrated. 


The direction (input or output) of the general purpose |/ 
O ports (I/OA and I/OB) is determined by the state of bits 
B7 and B6 of R7, as illustrated. 


MIXER CONTROL REGISTER (R7) 


Function: 


Function: | Noise Enable} Tone Enable 
Port:} Cc | BJ A| Cc] B_ 


NOISE ENABLE TRUTH TABLE 


R7 Bits Noise Enabled 
B5 B4 B2 on Channel 












TONE ENABLE TRUTH TABLE 
 R7 Bits Tone Enabled 
B2B1 BO on Channel 


0 0 





=— ss Ss ss OC OC OC 


1 
0 
, 
0 
1 
0 
1 


VO PORT TRUTH TABLE | 


R7 bits vO Port Status 
B7 B6 | /OB VOA 
















Input — Input 
Input Output 
Output Input 
Output Output 





NOTE: Disabling noise and tone does not turn off a 
channel. Turning a channel off can only be accom- 
plished by writing all zeros into the corresponding Am- 
plitude Control Register. 


Amplitude Control (R108,R118,R128) 


The amplitude of the signals generated by each of the 
three D/A Converters (one each for Channels A,B, and 
C) is determined by the content of the lower bits (B4-B0) 
of registers R108, R118, and R128 as illustrated. 


These five bits consist of a 1-bit mode select ("M" bit) and 
a 4-bit "fixed" amplitude level (L3-L0). When the M bit is 
low, the output level of the analog channel is defined by 
the 4-bit "fixed" amplitude level of the Amplitude Control 
Register. This amplitude level is fixed in the sense that 
the amplitude 


CHANNEL CONTROL 


Register 


Amplitude Defined 
By LO-L3 


Amplitude Defined 
By E0-E3 
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is under direct control of the system processor. When 
the M bit is high, the output level of the analog channel 
is defined by the 4-bits of the Envelope Generator (bits 
E3-E0). The amplitude mode bit can also be thought of 
as an "envelope enable" bit. 


Envelope Generator Control 


To accomplish the generation of complex envelope 
patterns, two independent methods of control are pro- 
vided: first, it is possible to vary the frequency of the 
envelope using registers R138 and R148; second, the 
relative shape and cycle pattern of the envelope can be 
varied using register R158. The following paragraphs 
explain the details of the envelope control functions, 
describing first the envelope period control and then the 
envelope shape/cycle control. (See Figure 1 and 2). 


Envelope Period Cotrol (R133,R14s) 


The frequency of the envelope is obtained by first divid- 
ing the input clock by 256, then by further dividing the 
result by the programmed 16 bit Envelope Period value. 
This 16 bit value is obtained by combining the contents 
of the Envelope Coarse and Fine Tune registers, as 
illustrated: 






ENVELOPE SHAPE/CYCLE CONTROL 
REGISTER (R15) 






Hold 










Not Used 





Alternate 






Attack 





Continue 
ae 


To 
Envelope 
Generator 
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Envel hape/ le Control (R15 


The Envelope Generator further divides the envelope 
period by 16, producing a 16-state per cycle envelope 
pattern as defined by the 4-bit counter output, E3, E2, E1 
and EO. The particular shape and cycle pattern of any 
desired envelope is accomplished by controlling the 
count pattern of the 4-bit counter. (See Figure 4 and 5). 


This envelope shape/cycle control is contained in the 
lower 4 bits (B3-BO) of register R15. Each of these 4 bits 
controls a function in the envelope generator, as illus- 
trated: 


ENVELOPE SHAPE/CYCLE CONTROL 













When this is set high (logic 1) 
the envelope is limited to one 
cycle, the value of the enve- 
lope at the end of the cycle 
being held. 

When set high (logic 1) the 
envelope counter reverses di- 
rection at end of each cycle 
(i.e. performs as an up/down 
counter). 

When set high (logic 1) the 
envelope counter will count up 
(attack). When set low (logic 0) 
the counter will count down 
(decay). 

When set high (logic 1) the 
cycle pattern will be defined by 
the HOLD bit. When set low 
(logic 0) the envelope counter 
will reset to 0000 after one cycle 
and hold that value. 














ALTERNATE 












ATTACK 














CONTINUE 







16-BIT ENVELOPE PERIOD (EP) TO ENVELOPE GENERATOR 


Envelope Coarse Tune Register (R14) 


[Loe ]e [alo 


EP15} EP14) EP13) EP12| EP11| EP10 


Envelope Fine Tune Register (R13) 


res [eo] es] [or 


Refer to Programmable Sound Generator Data Manual for calculation example. 


NOTE: If the Coarse and Fine Tune registers are both set to 000s, the resulting period will be minimum, i.e., the 
generated tone period will be as if the Coarse Tune register was set to 0008 and the Fine Tune register set 


to 0018. 
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D/A Converter 


Since the primary use of the PSG is to produce sound for FIG. 1 ENVELOPE SHAPE /CYCLE 
the non-linear amplitude detection mechanism of the OPERATION 

human ear, the D/A conversion is performed in logarith- 

mic steps with a normalized voltage range from 0 to 1 | 
volt. The specific amplitude control of each of the three erraen 
D/A Converters is accomplished by the three sets of 4 bit B2 Bt 
outputs of the Amplitude Control block while the Mixer 
outputs provide the base signal frequency (Noise and/or 
Tone). (See Fig. 3). 


GRAPHIC REPRESENTATION 
OF ENVELOPE GENERATOR 
OUTPUT E3 E2 £1 E0. 


A 
Cc L 
O T 
N E 
T R 
| N 
N A 
U T 
E E 


Vee eee tee 
NANAANANANNA | 


See Fig. 4 for detail 


Y, 

ali 
JW 
fpalchclaaded 
WADA 
A 


EP EP IS THE ENVELOPE 
PERIOD (DURATION OF 
ONE CYCLE) 












GRAPHIC REPRESENTATION 

OF THE DECIMAL VALUES OF 

ENVELOPE GENERATOR 
OUTPUT E3 E2 E1 E0 








[peer EP 
(1) -————— 
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FIG.3 D/A CONVERTER OUTPUT 





NORMALIZED 
VOLTAGE 
1V115 15 
NOTE: 
ENVELOPE ONLY- 
NOISE AND TONES ARE 
DISABLED.- 
14 14 
TYPICAL RATIO FROM ONE STEP 
TO THE NEXT LOWER STEP IS 
1.2/1.7 
13 13 
DECIMAL VALUE 
Pa OF E3 E2 £1 EO 
12 12 
| 11 14 
10 10 
9 9 
8 8 
7 7 
6 6 
5 5 
A 0 lo 


EP ENVELOPE PERIOD 


FIG. 4 SINGLE TONE WITH ENVELOPE 
SHAPE/CYCLE PATTERN 1010 
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AY38910A/AY38912A 
ELECTRICAL CHARACTERISTICS 


Maximum Ratings* Standard Conditions 


Storage Temperature..............ccseeees -55°C to +150°C Vcec = +5V + 5% 

Operating Temperature..............:cccccceeees 0°C to +70°C Vss = GND 

Vcc and all other Input/Output Operating Temperature = 0°C to +70°C 
Voltages with Respect to VSS............... -0.3V to +8.0V (Unless otherwise noted) 


“Exceeding these ratings could cause permanent damage to the device. This is a stress rating only and functional operation of this device 
at these conditions is not implied. Operating ranges are specified in Standard Conditions. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. Data labeled "typical" is presented for design guidance only and is not 


guaranteed. 


DC CHARACTERISTICS 


All Inputs 
Low Level 
High Level 
Data Bus (DA7-DA0) Output 
Levels 
Low Level 
High Level 
Data Bus(DA7-DA0) 
Input Leakage 
Analog Channel Outputs 
Output Volume 
Power Supply Current 
Max. Current (per channel) 


/O Ports 
Pull Up Current Low 


Pull Up Current High 

- as Outputs (A7-A0, B7-BO) 
Low Level 
High Level 


- as Inputs (A7-A0,B7-BO) 
Low Level 
High Level 

- A8 and Reset Input 
Pull up Current 


}-A9 , 
~ Pull down Current 


_ + BC1,BDIR, Clock Inputs _ 
Sie: pig | 


7 "Typical values are 2 at 425°C and nominal eee 


lo. = 1.6mA, 150pF 
loH = 100A, 150pF 


VIN = 0.4V to Voc 
Test Circuits: Fig. 6 
VouT = 0.7V, 
Amplitude Control Set 
to F 

VIN = 0.4V, Outputs 
disabled 

VIN = 3.5V 

iL = 1.6mA 


lOHh = 10A See 
loH1 = 85A Note 1 


VIN = 0.4V 
| VIN = 2.4V 


VIN = 2.4V 


VIN=0.4V to Vcc 


Note 1: The active pull-up during an output operation will achieve a logic 1 of 2.4 volts in atime of typically 1 1 
- microsecond. However, from 2. 4 volts to the high level of 3.5 volts the available pull up current will, reduce 
- significantly and further edge transition will be highly dependent upon load: capacitance. : 
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AC CHARACTERISTICS 


Clock Input 
Frequency 
Rise Time 
Fall Time 
Duty Cycle 
Bus Signals (BDIR, BC2, BC1) 
Associate Delay Time 
Reset 
Reset Pulse Width 
A9, A8, DA7-DAO 
(Address Mode) 
Address Setup Time 
Address Hold Time 
DA7-DAO (Write Mode) 
Write Data Pulse Width 
Write Data Setup Time 
Write Data Hold Time 
DA7-DA0 (Read Mode) 
Data Access Time from DTB 
DA7-DA0 (Inactive Mode) 
Tri-state Delay Time from DTB 
I/O Ports (A7-A0, B7-BO) 
Pull up Recovery Time 


**Typical values are at +25°C and nominal voltages 

NOTE 2: Pull up recovery time is defined as the time required for any I/O pin A7-A0 or B7-B0 to change up to a 100pf 
capacitor load from 0.0 volts to 3.5 volts. This recovery time is conditional on the output function of Port A 
or Port B being deselected via Bits B7 and B6 of register R10. 


Fig.6 ANALOG CHANNEL 
OUTPUT TEST CIRCUIT 


R 


Analog 
Channel 0 é 
Output O 


(OP AMP Must Not Saturate) 





AY38910A/AY38912A 


Conditions 


VOH = 3.5V 
CLOAD = 100pF 
See Note 2 





aac anetetnentn eh 
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TIMING CONDITIONS FOR AC CHARACTERISTICS 


FIG. 7 CLOCK AND BUS SIGNAL TIMING 








FIG. 8 RESET TIMING 


FIG. 9 LATCH ADDRESS TIMING 


BUS ee Ee One ee ET 
CONTROL INACTIVE LATCH INACTIVE 
SEGODE ADDRESS 


| | : VIM 
AS AS pp anita \ ADDRESS* 
DA7-DAO Vib 


Y BUS CONTROL 
A SIGNALS CHANGING BDIR —BCT 


1 1 
aa — 50 ns Max., Including Skew. 
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FIG. 10 WRITE DATA TIMING 


BUS = i 


Ma 
CONTROL = |NACTIVE VA, WRITE TO PSG* INACTIVE 
DECODE Abd 


tow 


t 
DH 
VG ete 


PREVIOUS 
STATE q VALID DATA INPUT 


Y BUS CONTROL . 
YG SIGNALS CHANGING BDIR -BC1 


1 0 
a -— 50 ns Max, Including Skew 


FIG. 11 READ DATA TIMING 


BUS 


CONTROL |NACTIVE READ FROM PSG* INACTIVE 
DECODE 


TDA 


DA7-DAO is ong READ VALID DATA TRISTATE 





GZ BUS CONTROL 
(4 SIGNALS CHANGING ‘BDIR BCI 


0 
a <— 50 ns Max, Including Skew 





ot tern UE 
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AY38910A/AY38912A 
TIMING DIAGRAMS 
State Timing 


While the state flow for many microprocessors can be 
somewhat involved for certain operations, the sequence 
of events necessary to control the PSG is simple and 
straightforward. Each of the three major state se- 

quences (Latch Address, Write to PSG, and Read from 


OUTPUT 
INACTIVE ADDRESS 


INACTIVE 


PSG) consists of several operations (indicated below by 
rectangular blocks) defined by the pattern of bus control 
signals (BDIR, BC1). 

The functional operation and relative timing of the 
PSG control sequences are described in the following 
sections. 


OUTPUT 
DATA INACTIVE 


<q. Address and Write Data ———_______}- 
to PSG Sequence 


| 
7 OUTPUT 
INACTIVE ADDRESS 


INACTIVE 


| 
INACTIVE 


bees Address and Read Data ee eee) 
from PSG Sequence 


Address PSG Register uen 


The Latch Address sequence is normally an integral part 
of the write or read sequences but for simplicity is 
illustrated here as in individual sequence. Depending 


BDIR 
BC1 


BUS 
contro. ACT Y 

DON'T \ OUTPUT 
DA7-DAO GARE ADDRESS 





upon the processor used, the program sequence will 
normally require four principal microstates: (1) send 
NACT (inactive); (2) send INTAK (latch address): (3) put 
address on bus; (4) send NACT (inactive). 





eo sennoesmannneamenmmenenmepensemtaetnaanamen meme - = z Bf : _ SE RC PE TRS ESE RTE 
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Write D P n four principal microstates: (1) send NACT (inactive);(2) 
The Write to PSG sequence, which would normally « Upet sage ah ee Se i Or ey aeons 
NACT (inactive). 


follow immediately after an address sequence, requires 


BUS 


contro. NACT DWS 


DON'T OUTPUT DATA 


7- 
Chive CARE (FROM PSG) 





R Data From P n the read sequence are: (1) send NACT (inactive); (2) 


As with the Write to PSG sequence, the READ from PSG eerie read vem Pee) \S)teae dataron ous: () 
,; send NACT (inactive). 

sequence would also normally follow immediately after 

an address sequence. The four principal microstates of 


BDIR 


— ff N\ 
BC1 $$ _____________ 
NACT 


BUS Y Y 
CONTROL NACT DTB 
INPUT DATA 
DA7- 
ae (FROM PSG) 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


PART NUMBERS 


AY38910A 
AY38912A - I/P 


Package: P Plastic DIP 


Temperature 0° C to 70° C only 
Range: 


Device AY38910A Sound Generator 
AY38912A Sound Generator 
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® 
Microchip 


AY8930 


Enhanced Programmable Sound Generator 





FEATURES 


¢ Two Modes Available On-Chip 
- AY8930 Expanded Mode 
- AY38910A-Compatible Mode 

* Improved Frequency Range 

¢ Three Independently Programmable Analog Output 
Channels with Separate Frequency, Duty Cycle and 
Envelope Controls for Each Channel 

¢ 5 Bits of Logarithmic Digital-to-Analog Conversion 
Per Channel : 

¢ Bus Interface Independent of Clock Frequency 

¢ Input Clock Frequency: 2 or 4MHz 

¢ Two 8-Bit General Purpose I/O Ports 


DESCRIPTION 


The AY8930 Enhanced Programmable Sound Genera- 
tor (EPSG) is an LSI circuit that can produce a wide 
variety of complex sounds under software control. The 
AY8930 is manufactured in the Microchip Technology 
Inc. n-channel silicon gate process. The AY8930 is an 
enhanced version of the company's industry standard 
AY38910A sound generator. Enhanced features in- 
clude improved frequency range and noise synthesis 
and independent control of each channel's envelope 
and duty cycle. 


The PSG is easily interfaced to any bus-oriented sys- 
tem. Its flexibility makes it useful in applications such as 
music synthesis, sound effects generation, audible 
alarms, tone signalling, and personal computer usage. 
In order to generate sound effects while allowing the 
processor to perform other tasks, the PSG can continue 
to produce sound after the initial commands have been 
given by the control processor. The fact that realistic 
sound production often involves more than one effect is 
satisfied by the three independently controllable analog 
sound output channels available in the device. These 
analog sound output channels can each provide five bits 
of logarithmic digital-to-analog conversion, greatly en- 
hancing the dynamic range of the sounds produced. 





PIN CONFIGURATION 
40 LEAD DUAL INLINE 
AY8930 


Top View 


Vss (GND) Vec (+5V) 

No Connect No Connect 
Analog Channel B Analog Channel C 
Analog Channel A DAO 

No Connect DA1 
1OB7 DA2 
lIOB6 DA3 
lOB5 DA4 
lIOB4 DA5 
IOB3 DA6 
1OB2 DA7 
jOB1 BC1 
lOBO : BC2 (Not Connected) 
lIOA7 BDIR 
lIOA6 Select 
IOA5 
lIOA4 
lIOA3 
lIOA2 
lIOA1 


All circuit control signals are digital in nature and can be 
provided directly by a microprocessor/microcomputer. 
Therefore, one PSG can produce the full range of 
required sounds with no change in external circuitry. 
Since the frequency response of the PSG ranges from 
sub- audible at its lowest frequency to post-audible at its 
highest frequency, there are few sounds which are 
beyond reproduction with only the simplest electrical 
connections. 


DEVICE ARCHITECTURE 


The AY8930 is a register oriented PSG. Communication 
between the microprocessor and the PSG is based on 
the concept of memory mapped I/O. Control commands 
are issued to the PSG by writing to these memory 
mapped registers . Each of the registers within the PSG 
is readable so that the microprocessor can determine, 
as necessary, present states or stored data values. 
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AY8930__ 


PIN FUNCTIONS 


DA7-DAO (Input /Output/High Impedance) 
Data/Address Bits 7-0: Pins 30-37 


These 8 lines comprise the 8-bit bidirectional bus used 
by the microprocessor to send both data and addresses 
to the PSG, and to receive data from the PSG. In the 
address mode, DA3-DA0O select the internal register 
address (0-Fn) and DA7-DA4 in conjunction with ad- 
dress inputs AQ and A8, form the chip select function. 
When the high order address bits are "incorrect," the 
bidirectional buffers are forced to a high impedance 
state. 


Address 9, Address 8 


A8 (input): Pin 25 
AQ (input): Pin 24 


High order address bits AQ and A8 are fixed to recog- 
nize a"01" code. They may be left unconnected, as 
each is provided with either an on chip pull-down (AQ) 
or pull-up (A8) resistor. In noisy environments, how- 
ever, it is recommended that A9 and A8 be tied to 
external ground and +5V respectively, if they are not to 
be used. | 


RESET (Input): Pin 23 


For initialization/oower-on purposes, applying a low 
- level input to the RESET pin will reset all registers to 0. 
(See following table). The RESET pin is provided with 
an on-chip pull-up resistor. | 


RAB 





=~] 


Register (in Hex) | B 
RO/ROA 
Ri/RiA 
R2/R2A 
R3/R3A 
R4/R4A 
R5/R5A 
R6/R6A 
R7/R7A 
R8/R8A 
R9/R9A 
RA/RAA 
RB/RBA 
RC/RCA 
RD/RDA/RDB 
RE/REA 
RF/RFA 
ROB 
R1B 
R2B 
R3B 
R4B 
R5B 
R6B 
R7B 
R8B 
R9B 


Sg ee Rie ee ee oe ee ae ae Sr a | 
CX CHB BEBO DOS OSC OSC ORM OCS SCOSCS (|g. 
SS Sie ee eo eee ee ee Oe ered 
See OL ee ee Oe ee | a | 
SXOXNMRKE SSS SCR OC SSS SOR0 9000 | B | 
ig el aoe ae ee a 
Nee Se POR eens Cee Cena eo ee |e ir, 
Sen OO Se Se ee ea ee.) 


RFB 


X indicates a don't care. 

# indicates that there is no physical memory element 
for a bit; if read, a 0 will be returned. 

All counter work registers will be initialized to zeros. 
The noise generator 17-bit shift register will be initial- 
ized to ones. 

The noise value register will be initialized to zeros. 


DS50010C-2 
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CLOCK (Input): Pin 22 


This TTL compatible input supplies the timing reference 
for the Tone, Noise, and Envelope Generators. 


CLOCK DIVIDE - SELECT (Input): Pin 26 


Select = 0 Input Clock = 4 MHz max. 
(Divided internally by 2) 
Select = 1 Input Clock = 2 MHz max. 


The select pin is provided with an internal pull-up resistor 
such that the pin default condition is Select = 1. 


BDIR, BC2, BC1 (inputs): Pins 27, 28, 29 


Bus Direction, Bus Control 2*, Bus Control 1 
* Not connected 


Analog Channel A, B, C (Outputs): Pins 4, 3, 38 
Each of these signals is the output of its corresponding 
digital-to-analog converter, and provides 1V peak-peak 
(max) signal representing the complex sound wave- 
shape generated by the PSG. 

No Connect: Pins 2, 5, 39 


These pins are for Microchip Technology test purposes 
only and should be left open. Do not use as tie-points. 


Vcc: Pin 40, Nominal +5 Volt power supply to the 
PSG. 


Vss: Pin 1, Ground reference for the PSG. 


INPUT CONTROL SIGNALS 


Interfacing to the AY8930 requires the generation of 
only two of the three AY38910A input control signals, 
BDIR and BC1. BC2 is shown on the pinout diagram for 
reference only; the pin is not internally connected. 


INPUT CONTROL SIGNALS 


Function 


INACTIVE: The PSG/CPU bus is 
inactive. DA7-DAO are ina high 
impedance state. 


READ FROM PSG: This signal causes 
the contents of the register which is 
currently addressed to appear on the 
PSG/CPU bus. DA7-DAO are in the 
output mode. 


WRITE TO PSG: This signal indicates 
that the bus contains register data 
which should be latched into the cur- 
rently addressed register. DA7-DA0O are 
in the input mode. 


LATCH ADDRESS: This signal indi- 
cates that the bus contains a register 
address which should be latched by the 
PSG. DA7- DAO are in the input mode. 
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REGISTER ARRAY 


The principal element of the AY8930 is an array of 27 
control registers arranged in one bank of 16 and one 
bank of 11 registers. These registers occupy 16 ad- 
dress locations of the 1,024-word memory space in 
which the PSG resides. 


The configuration of this register array is shown on the 
following pages. Note the two modes of operation: 
8910A-compatibility mode and 8930 expanded mode. 


The registers are addressed via the combination of the 
bidirectional data bus (DAO-DA7) and address input 
pins A8 and AQ. 





DAO-DA3_ These four low-order address bits are used 
to select one of the internal registers withina 
bank. 


DA4-DA7, 

A8, AQ These six high-order address bits function as 
chip selects and are used to position the 
register bank(s) within the 1,024-word 
memory space. In the deselected state, the 
data bus is in the high impedance state. 


The address enable code for bits DA4-DA7 
is all zeros. 


Inputs A8 and AQ are enabled by ahigh on A8 
and a low on AQ; all other input level combi- 
nations resultin a deselected condition. Pins 
A8 and AQ have an on-chip pull-up and pull- 
down resistor, respectively, and will assume 
the correct logic level if left unconnected. 


Address bits DA7-DA0 are latched internally. This inter- 
nally latched address is updated and modified on every 
"latch address" signal presented to the PSG via the eo 
and BC1 control lines. 


The AY8930 initializes in the AY38910A-compatibility 
mode. To utilize the expanded features of the AY8930, 
an access code must be input to register R15 upon 
program initialization. 


Entering a "101" code in bits B7-B5 of register R15 
selects the 8930 expanded mode. In the 8930 expanded 
mode, bit B4 = 0 (R15) selects BANK A and B4 = 1 selects 
BANK B. All other bit selections are defined as 8910A- 
compatibility mode. Registers R1i5A and R15B are 
mapped into the same physical register. 


Switching modes causes loss of all register data from the 
previous mode. All registers will be initialized except for 
the Mode Select code of R15. 


Shown on the next page is the register configuration for 
the AY8930. Note that Bank A of the expanded mode is 
virtually identical to the single register array of the 891 0A- 
compatibility mode. 
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Register a 
| s7 | es | es | Bs | os | ez | Bt | Bo 


Bit Fine Tune 


a 
ao 






















| har 
7 Per ul etal e. 
thet 


RB R13 8-Bit Fine T 












Envelope Period 8-Bit Coarse Tune 
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AY8930 REGISTER ARRAY: EXPANDED CAPABILITY MODE - BANK A 


Fagiatel 
=e fetete[etelel a tM | oe 


R5A Tone Period 8-Bit Coarse Tune 


R6A Noise Period 8-Bit Noise Period 


IN/OUT NOISE | TONE 


Spee 
rebate pels 


ron rita] crameisanoinse Z7////) 
oan) omicrnome gw wletel ew 
a ee 









































RBA | R13A | Channel A 8-Bit Fine Tune 


nisi ooatomaen 5 E412] s Gn ea ek 


8-Bit Coarse Tune 
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AY8930 REGISTER ARRAY: EXPANDED CAPABILITY MODE - BANK B 


= | Shape/Cycle C L—lc kl 
oo 
ov ore YL Lilla” _ 


a worn aw 
< =) 
a ene 


oe. 














SOUND GENERATING BLOCKS Operation 
The basic blocks in the PSG that produce the programmed | Tone Generator eee | R5A ae tone 
sounds include: - | Control periods 
Tone ea + Duty Cycle R6B-R8B Select duty cycle 
Generators _ - Produce the basic pulse tone frequencies Control 

for each channel (A, B, C). 

Noise Generator R6A, Program noise 
Noise a Control R9B-RAB period 
Generator - Produces a frequency modulated pseu- 

dorandom noise output. | Mixer Control R7A Enable tone/noise 
. on selected 
Mixers - Combine the outputs of the tone genera- channels 
tors and the noise generator. One for each | 
_ channel (A, B, C). | | Amplitude R8A-RAA Select "fixed" or 
. | Control "variable" 
Amplitude | amplitudes 
Control - Provides the D/A converters with either a 








fixed or variable amplitude pattern. The - Envelope | RBA-RDA, Program envelope 
fixed amplitude is under direct CPU con- Generator ROB-R5B period and 
trol; the variable amplitude is accomplished | Control envelope pattern 
by using the output of the envelope genera- , 
tors, one for each channel (A, B, C). | D/A Converters Produces a 32-bit 
output signal 
Envelope . 
Generators _- Produce an envelope pattern that can be “All registers referenced are for the AY8930 Ex- 
used to amplitude modulate the output of panded Mode. | 
the mixer, one for each channel (A, B, C). 
sik TONE GENERATOR CONTROL 
OIVeneTSs +S Mees one eacniproduce Each analog output channel has associated with it 
up to a 32-level output signal as deter- ; . ; 
two registers which specify the tone period for that 
mined by the aes control. ; ’ 
channel, the coarse tune and the fine tune registers. 
The tone period for each channel is obtained by 
OPERATION combining the coarse and fine tune registers as 
= shown. 
Since all functions of the PSG are controlled by a host | 
processor via a series of register loads, a detailed descrip- Note that the value programmed in the combined 
tion of the PSG operation can best be accomplished by coarse and fine tune registers is a period value- the 
relating each PSG function to its corresponding register. higher the value in the registers, the lower the resul- 


The function of creating or programming a specific sound 


tant frequency. 
or sound effect logically follows the control sequence 


listed: Coarse Tune Fine Tune 
| Registers Channel Register 
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12-BIT TONE PERIOD (TP) VALUE: NOTE: 


AY38910A-COMPATIBILITY MODE a 
The percent duty cycles refers to the high (logic high) 


portion of the duty cycle. The low portion is then 100% 
duty cycle. For example, a 10% duty cycle is then 10% 
up and 90% down, as shown below. 


COARSE TUNE FINE TUNE 


[eee la] [a] eae eso s0 
! 
TP] TP} TP|TP|TP|TP|TP}TP|TP| TP} TP|TP 
ee 0 ee 0 
wy 90% | 


NOT USED 
16-BIT TONE PERIOD (TP) VALUE: ONE NCre 
AY8930 EXPANDED MODE 





In AY8910A-compatibility mode, the duty cycle is fixed 
at 50%. The capability for a variable duty cycle exists 


COARSE TUNE FINE TUNE 
only in the expanded AY8930 mode. 


[57] Be] Bo] B4/ B9| B2| B1]B0| [7] Be| B5| Bd) B3| BZ B1/BO 
In order to change a duty cycle, the appropriate duty 


TP] TP|TP|TPITP] TP TP TP/TPITP}TP| TP| TP] TP|TPITP 
cycle register must be updated. The nee duty cycle will 


then remain constant at this value until the duty cycle 






PERIOD OF OUTPUT = 16x TPxP register is modified. The new duty cycle value will take 
WHERE P = PERIOD OF INPUT CLOCK AND effect immediately. This may result in one period with 
TP = DECIMAL EQUIVALENT OF TONE PERIOD BITS a "random" duty cycle at the time the register is 
TP15-TPO updated 


If the coarse and fine tune registers are both set to 00h, the | 
resulting period will be minimum, i.e. the generated tone NOISE GENERATOR CONTROL 


period will be as if the coarse tune register were set to 00h 


and the fine tune register were set to 01h. The counter will AY38910A-COMPATIBILITY MODE: 

count the period value down to zero. When zero is reached, 

the period value will be reloaded into the counter. Noise is generated by a 17-bit polynominal shift regis- 
ter. The period of the clock to this shift register is 

DUTY CYCLE CONTROL specified by the 8-bit binary value NP. 


The noise period value is derived from the lower five 


The duty cycle of each pulse generated by the three tone bits (B4-BO) of the noise period register (R6) as shown. 


generators is controlled by an associated 4-bit duty cycle 
register (R6B, R7B, and R8B). 





NOISE PERIOD REGISTER (R6) 


Oooo 
Register ~~ NotUsed _ 
be dideaes 


Duty — pose eer | Cycle Value 
5 BIT NOISE PERIOD (NP) VALUE 


The following duty cycles are selectable: 





3.125% 
6.25 % 
12.50% 


25.00% 
50.00% 
75.00% 
87.50% 
93.75% 
96.875% 


NOTE: 


As with the tone period, the lowest period value is Oth 
(divide by 1), an entry of 00h will have the same value 
as 01h; the highest period value is 1 Fh (divide by 3110). 


NOOR WN + © 





© 


_* NOTE: Any value greater than 810 decodes as an 810. 
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AY38910A-COMPATIBILITY MODE NOISE BLOCK DIAGRAM 


R6/32 


NOMINAL 12°KHZ | NOISE PERIOD | 
VALUE REGISTER 


AY8930 EXPANDED MODE: 


In the AY8930 expanded mode, noise is generated 
using a 17-bit polynomial shift register, an "AND" mask, 
an "OR" mask, and an 8-bit noise period value. The least 
significant byte of the polynomial shift register is logically 
AND'ed with the "AND" mask specified in Register 11B, 
then logically OR'ed with the "OR" mask specified in 
Register 12B. The resultis stored in a temporary register 
which is clocked each time the counter associated with 
the 8-bit noise period register (R6A) reaches zero. 
When the noise value reaches zero, a new value is 
fetched from the polynomial shift register and the proc- 
ess is repeated. The noise output is toggled each time 
the noise value reaches zero. 





TO MIXER 


SHIFT ENABLE 


B2 Bi BO 


RIGHT SHIFT 


NOISE PERIOD REGISTER (R6A) 





BRR 
8 BIT NOISE PERIOD (NP) VALUE 


The lowest period value is 01h (divide by 1), an entry OOh 
will have the same value as 01h; the highest period value 
is FFh (divide by 25510.) 


AY8930 EXPANDED MODE NOISE BLOCK DIAGRAM 


R6A/256 


250 kHz 4 “CLOCK 
NOISE PERIOD REGISTER [— =| NOISE VALUE 


| NOISE 
(B7 - BO) PERIOD = 0 LOAD WHEN 
Ting VALUE = 0 


r TO MIXER 
M 


OR MASK 


AND MASK 


SHIFT ENABLE 


B16 --- B9 B8 B7 B6 B5 B4 B3 B2 B1 BO 


; NOISE VALUE = 0 
RIGHT SHIFT a pe : 


ENABLE WHEN 





_ DS50010C-10 5-70 © © 1990 Microchip Technology Inc. 


MIXER CONTROL - I/O ENABLE 





Register 7A is a multi-function Enable register which 
controls the three Noise/Tone Mixers and the two gen- 
eral purpose I/O Ports. The mixers, as previously 
described, combine the noise and tone frequencies for 
each of the three channels. The determination of 
combining neither/either/both noise and tone frequen- 
cies on each channel is made by the state of bits B5-BO 
of R7A. 


The direction (input or output) of the two general purpose 
I/O Ports (IOA and IOB) is determined by the state of bits 
B7 and B6 of R7A. 


These functions are illustrated in the following: 


MIXER CONTROL - 1/O ENABLE 
REGISTER (R7A) 





Noise Enable Truth Table Tone Enable Truth Table 


Noise Tone 
Enabled Enabled 
On Channel 


R7A Bits 
B5 B4 B3 


The direction of the I/O Port(s) is determined as follows: 
/O Port Truth Table 


1/0 Direction 
10B IOA 


R7A Bits 


Note: The Mixer - I/O Control function is identical in 
both modes of operation. 








AY8930 


Disabling noise and tone does not turn off a channel. 
Turning off a channel can only be accomplished by 
writing all zeros into corresponding amplitude control 
register. 


/O PORT DATA STORE 


Registers REA and RFA function as intermediate data 
storage registers between the PSG/CPU data bus (DAO- 
DA7) and the two I/O ports (IOA0-IOA7, |OB0-IOB7). 
Both I/O ports are available on the AY8930. 


Using registers REA and RFA for the transfer of I/O data 
has no effect on sound generation. 


To output data from the CPU Bus to a peripheral device 
connected to I/O port A: 


1. Address the enable register (R7A). 

2. Set the port A direction bit to output (write "1" to bit B6 
of R7A). 

3. Address the I/O port A register (REA). 

4. Write data to 1/O port A register. The data will pass 
through the PSG I/O portA register to the I/O port bus. 


To input data from I/O port A to the CPU bus: 


1. Address the enable register (R7A). 

2. Set the port A direction bit to input (write a "0" to bit B6 
of R7A). 

3. Address the I/O port A register (REA). The contents 
of the port register will follow the signals applied to the 
I/O port. 

4. Read data from I/O port A register. The data will be 
transferred from the PSG 1/O port A register to the 
CPU bus as in a normal read operation. 


If a logic 1 has been written to any bit position of register 
REA or register RFA and the corresponding I/O pins of 


port A or port B are externally pulled below the logic 0,. 


(VIL) level, a subsequent CPU read instruction of regis- 
ters REA or RFA will actually contain a logic 0 in the 
pulled down bit positions. The output pins will return to 
logic 1 if the pull down condition is removed. 


If a logic O has been written to any bit position of the I/O 
registers and the external world wishes to pull these pins 
to a 1, the user should be aware that an impedence 
conflict will exist between the pull down transistor and 
the external driver. 
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AMPLITUDE CONTROL 


The amplitudes of the signals generated by each of the 
three D/A converters (one each for channels A, B, and 
C) are determined by the contents of the amplitude 
control registers as illustrated in the following: 


| ee Control 
| ee | # 


Channel 
A 
B 
C 


AY38910A-COMPATIBILITY MODE: 


BOCoccc 
NOT USED 












AMPLITUDE 4-BIT "FIXED" 
"MODE" AMPLITUDE LEVEL 
* FORCE TO "1" 
AY8930 EXPANDED MODE: 









ele [=[e[=[el ee 





NOT 
USED 
AMPLITUDE 5-BIT "FIXED" 
"MODE" AMPLITUDE LEVEL 


The amplitude "mode" (bit M) selects either fixed level 
amplitude (M = 0) or variable level amplitude (M = 1). It 
follows that bits L4 - LO, defining the value of a "fixed" 
level amplitude, are only active when M = 0. The 
amplitude is only "fixed" in the sense that the amplitude 
level is under the direct control of the system processor 
via an address latch/write data sequence. 


When "variable amplitude" is selected (M = 1), the 
amplitude of each channel is determined by the enve- 
lope pattern as defined by the envelope generators 5- bit 
output (E4 - EO). The amplitude "mode" bit (bit M) can 
also be thought of as an envelope enable bit, i.e. when 
M = 1, the envelope is enabled. 





The following is a chart describing all combinations of 
the 6-bit Amplitude Conirol. 


L4 13 L2L1L0- 

0 0 O O O* The amplitude is fixed at 1 of 31 
0 0 0 0 1* levels as determined by L4, L3, 
eer ew oe EET EO, 


1 #4147 ~«41 


-oos 


The amplitude is variable at 31 
1X X X X X _ levels as determined by the out- 

put of the Envelope Generator. 
(X = Don't care) | 


NOTE: 


In the AY38910A-compatibility mode, the externally 
driven "fixed" amplitude is limited to a total of 16 possible 
levels determined by amplitude bits L4-L1. 


ENVELOPE GENERATOR CONTROL 
ENVELOPE PERIOD CONTROL 


The period of the sound envelope, in the AY38910A- 
compatibility mode, is controlled by two 8-bit registers, 
RB and RC (the envelope fine and coarse tune, respec- 
tively). In the 8930 expanded mode, each analog output 
channel has its own independent sound envelope. 
Changes to the envelope period counter will occur at en- 
velope period boundary or when envelope shape/cycle 
register is loaded. 


Coarse Tune Ch , Fine Tune 
Register ae Register 
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16-BIT ENVELOPE PERIOD TO 
ENVELOPE GENERATOR 


BYECES ey Gs Gold Gules es Eas 


EP/EP/EP|EP|EP| EP|EP)/EP/EP|/EP|EP/EP|EP|EPJEP|EP 
15}14/13112/11/10}9;8/}7;6/5)/4/3);2)1/0 
Note that the value programmed in the combined coarse 


and fine tune registers is a period value - the higher the 
value in the registers, the lower the resultant frequency. 





Note also, that as with the tone period, the lowest period 
value is 0001h (divided by 1); the highest period value is 
FFFFh (divided by 65,53510). 


ENVELOPE SHAPE/CYCLE CONTROL 


The AY8930 envelope generator further counts down 
the envelope frequency by 32, producing a 32-state per 
cycle envelope pattern defined by its 5-bit counter out- 
put, E4, £3, £2, £1, and EO. The particular shape and 
cycle pattern of any desired envelope is accomplished 
by controlling the count pattern (count up/ count down) 
of the 5-bit counter and by defining a single cycle repeat- 
cycle pattern. The AY38910A mode envelope generator 
further divides the envelope period by 16, producing a 
16-state per cycle envelope pattern as defined by the 4- 
bit counter output, E3, E2, E1 and E0. 


Loading of the envelope shape/cycle control register will 
reset the associated counter to the appropriate initial 
State and reset the envelope period counter for that 
channel. 


The envelope shape/cycle control is contained in the 
lower 4 bits (B3-BO) of the respective envelope contro! 
registers. Each of these 4 bits controls a function in the 
envelope generator, as illustrated in the following: 


ENVELOPE SHAPE/CYCLE 
CONTROL REGISTER 


[| [se [oo 


_____™ Alternate 





Hold 





NOT USED 
(MODE SELECT BITS) 
Attack 


Continue 


AY8930 


The definition of each function is as follows: 


Hold - When set to logic "1" in AY38910A mode, limits 
the envelope to one cycle, holding the last count of the 
envelope counter (E3 - E0=0000 or 1111, depending on 
whether the envelope counter was in a count-down or 
count-up mode, respectively). 


Alternate - When set to logic "1", the envelope counter 
reverses count direction (up-down) after each cycle. 


NOTE: When both the hold bit and the alternate bit are 
ones, the envelope counter is reset to its initial 
count before holding. 


Attack - When set to logic "1" in AY38910A mode, the 
envelope counter will count up (attack) from E3, E2, E1, 
EO =OQ000to E3, E2,E1,E0=1111;whensetto logic "0", 
the envelope counter will count down (decay) from 1111 
to 0000. 


Continue - When set to logic "1", the cycle pattern will 
be as defined by the hold bit; when set to logic "0", the 
envelope generator will be reset to 0000 after one cycle 
and hold at that count. 


Further description of the above functions could be 
accomplished by numerous charts of the binary count 
sequence of E3, E2, E1, E0 for each combination of 
hold, alternate, attack and continue. However, since 
these ouputs are used (when selected by the amplitude 
control registers) to amplitude modulate the output of the 
mixers, a better understanding of their effect can be 
accomplished via a graphic representation of their value 
for each condition selected, as illustrated in the Enve- 
lope Shape/Cycle Control figure to the right and the 
Detail of Two Cycles figure below. 


For AY8930 mode, hold, alternate, attack and continue 
is the same, however the pattern is defined by 5 bits (E4, 


- £3, E2, E1, £0.) 





et NP PASTE 
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ENVELOPE SHAPE/CYCLE CONTROL 


RD BITS 
B3 B2 Bi BO 


AY38910A MODE 


GRAPHIC REPRESENTATION 
OF ENVELOPE GENERATOR 
OUTPUT E3 E2 E1 E0. 


mez-~AZOoO0O 
ma4araZzumirp 


\NANNANAANNA 


(SEE FIG. BELOW FOR DETAIL) 


A\SA\AN/NI/SNY/N 


EP IS THE ENVELOPE 
PERIOD (DURATION OF 
ONE CYCLE) 


GRAPHIC REPRESENTATION 
OF THE DECIMAL VALUES OF 
ENVELOPE GENERATOR 
OUTPUT E3 E2 Ei EO 
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DIGITAL TO ANALOG CONVERTER control register* or the envelope generator. The signal 
of the output is the Noise/Tone specified for that chan- 

The Digital to Analog conversion is performed in logar- nel. 

ithmetic steps with a normalized voltage range of OV to 

1.0V. The specified amplitude of each converter is * Except in the 8910A-compatibility mode, which only 

controlled by a 5-bit word from either the amplitude allows for 4 bits of external amplitude control. 


D/A CONVERTER OUTPUT - AY8930 EXPANDED MODE 


NORMALIZED 
VOLTAGE 





ee ENVELOPE PERIOD (1/fE) ene e 


THIS FIGURE ILLUSTRATES THE D/A CONVERTER OUTPUT WHICH WOULD RESULT IF 
NOISE AND TONES WERE DISABLED AND AN ENVELOPE CONTROLLED VARIABLE 
AMPLITUDE WERE SELECTED. 


NOTE: THE RESET CONDITION IS ZERO CURRENT. 





tt ese eR AS 
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ELECTRICAL CHARACTERISTICS 


Maximum Ratings* 


Storage temperature..............cccee -55°C to +150°C 
Maximum temperature under bias ............... +125°C 
VDD and all other input/output 

voltages with respect to VSS.............. -0.3V to +7.0V 


Standard Conditions (Unless otherwise noted) 
Free air ambient operating ; 
TEMPEratUre ...... eee eeecsseestsetteeaeenees 0°C to +70°C 


MDD <ecsdtadast ccnedidetthatesnes sh aassauuiiboaecs +4.5V to +5.5V 
NSS son sotamiave auaapeieretanunceueoeeeen 0.0V (Ground) 


Parameters 


Input Logic Levels 
Logic 0 
Logic 1 


Input Leakage 
Clock 
BC1, BDIR 


Inputs with Pullups 
A8, RESET, Select 


Inputs with Pulldowns 
AQ 


/O with Pullups 
A7-A0, B7-BO 


Data/Address 
DA7-DAO 


Power Supply 





“Exceeding these ratings could cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of this device at these conditions is 
not implied. Operating ranges are specified in Standard 
Conditions. Exposure to absolute maximum rating 
conditions for extended periods may affect device relia- 
bility. Data labeled "typical" is presented for design 
guidance only and is not guaranteed. 


Conditions 


VIN = +0.4V 


VIN = +2.4V 


VIN = +0.4V 
IOH = 100 WA w/100pF 
loL = 1.6 mA w/100pF 


IOH = 100 LA w/100pF}. 
loL = 1.6 mA w/100pF 


All inputs and outputs 
tied to VSs or VDD. 


‘ttn ee rte ees a 7 rere eh A tS 
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AC CHARACTERISTICS * 


= 
S 


Conditions 


Parameters Sym 


= 
ry) 
x 


Clock Input 


Oo 
© 
st sot ms, 
ao] 
NO 
oO 
© 
SI 5 
nN 


Frequency 
Rise/Fall Time trate 


40/60 asymmetry 
allowed 





Master Reset 
RESET tms 





“Two Clock Periods 


Control Signals 
BC1, BC2, BDIR 
Skew tes 
Valid tecs 


Data Address Bus 
DA7-DAO, A8, AQ 


Address Setup Time tas 300 
Address Hold Time tah 65 
Read Mode 
Data Setup Time tab - 
Data Hold Time ttd 20 100 
Write Mode 
Data Setup Time tds 300 ns 
Data Hold Time tdh 65 ns 
Input/Output Port 
lOA7-IOA0, |1OB7-IOBO 
Output Mode 
Data Setup Time tow 500 ns 
Input Mode 
Data Setup Time tprs 200 - ns 
Data Hold Time tprh 65 - ns 
* The address/data read cycle is latch address followed by an inactive state then the read command. 


The address/data write cycle would be the same with the substitution of the write command in place 
of the read. An inactive state is required between each cycle (or active command). 


1 a 
oO co) 
3 3 
nn 
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TIMING DIAGRAMS 


READ MODE 


BUS CONTROL 
BC1i, BDIR | LATCH ADDRESS | NO ACTION | READ FROM PSG | | 
, | tas os | tab | a 


DATA/ADDRESS BUS ADDRESS 
INPUT 


WRITE MODE 


BUS CONTROL 
BC1, BDIR LATCH ADDRESS NO ACTION WRITE TO PSG 


tas tah lds tdh 


DATA/ADDRESS BUS ADDRESS 
INPUT 


BUS CONTROL SIGNALS 


BC1, BDIR | | 





erratic teetteeseteattnttrtnt stn tne tn ns nner nen rr nnn Rese nn mernitsiintenntninsrseiinmeineteuninmnsiiitnei 
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TIMING DIAGRAMS (Cont.) 


MASTER RESET 


| RESET | 


tms 


lO PORT OUTPUT MODE: WRITE DATA FROM CPU BUS TO I/O PORT* 


BUS CONTROL 
BC1, BDIR | LATCH ADDRESS | NO ACTION | _ WRITE TO PSG | 


tas tah tds tdh 


DATA INPUT 
TO PORT 
REGISTER 


/O PORT INPUT MODE: WRITE DATA FROM I/O PORT TO CPU BUS* 


BUS CONTROL 
BC1i, BDIR | LATCH ADDRESS | NO ACTION | READ FROM PSG | 


tas tah tab ttd 


DATA OUTPUT 
TO CPU BUS 
| torh | 
/O PORT VALID DATA INPUT 
FROM PORT 


* Assume the direction of the I/O port has already been 
determined via a write to the Enable register (R7A). 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the 
factory or the listed sales offices. 


PART NUMBERS 


AY8930 - /P 


Package P 40-Pin Plastic DIP 
Temperature Blank 0°C to 70°C 
Range 
— Device AY8930 Enhanced Programmable Sound Generator 
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32-Segment CMOS LCD Driver 





FEATURES 


¢ Drives up to 32 LCD segments of arbitrary 

configuration 

CMOS process for: wide supply voltage range, low 

power operation, high noise immunity, wide 

temperature range 

« CMOS, NMOS and TTL-compatible inputs 

* Electrostatic discharge protection on all pins 

* Cascadable 

¢ On-chip oscillator 

¢ Requires only three control lines 

¢ Can be used to drive relays, solenoids, print head 
drives, etc. 


APPLICATIONS 


¢ Industrial displays 

¢ Consumer product displays 

¢ Telecom product displays 

¢ Automotive dashboard displays 


DESCRIPTION 


The AY0438-I is a CMOS LSI circuit that drives a liquid 
crystal display, usually under microprocessor control. 
The part acts as a smart peripheral that drives up to 32 
LCD segments. It needs only three control lines due to 
its serial input construction. It latches the data to be 
displayed and relieves the microprocessor from the task 
of generating the required waveforms. 


The AY0438-I can drive any standard or custom parallel 
drive LCD display, whether it be field effect or dynamic 
scattering; 7-, 9-, 14-, or 16-segment characters; deci- 
mals; leading + or -; or special symbols. Several 
AY0438-I devices can be cascaded. The AC frequency 
of the LCD waveforms can either be supplied by the user 
or generated by attaching a capacitor to the LCD input, 
which controls the frequency of an internal oscillator. 


BLOCK DIAGRAM 


LOCK 
eos 32-BIT STATIC SHIFT REGISTER © DATA OUT 
DATAIN © T] 


LOAD 0 32 LATCHES 


"32 SEGMENT DRIVERS 


32 OUTPUTS 


> BACKPLANE 
OUTPUT 












PIN CONFIGURATION 
40 LEAD DUAL INLINE 
Top View 
VpD CLOCK 
LOAD SEG 1 
SEG 32 SEG 2 
SEG 31 SEG 3 
SEG 30 GND 
SEG 29 DATA OUT 
SEG 28 DATA IN 
SEG 27 SEG 4 
_ SEG 26 SEG 5 
SEG 25 LCD 
SEG 24 BP 
SEG 23 SEG 6 
SEG 22 SEG 7 
SEG 21 SEG 8 
SEG 20 SEG 9 
SEG 19 SEG 10 
SEG 18 SEG 11 
SEG 17 SEG 12 
SEG 16 SEG 13 
SEG 15 SEG 14 
44 PLCC 
Oo- N x 
Om MOM FD Oe N Oo QO 
oG® OO ae FORO DZ 
sees SOS 34GB S 
rT] Ci Ci fi) fi fi tt Pe) Pi Ti fy 
SEG 29 L]7 39 L] N/C 
SEG 28 L]8 38 |_] DATA OUT 


SEG 27 Clo 37 [J DATA IN 
SEG 26 C10 36 LISEG 4 
SEG 25 1111 35 [1 SEG5 
SEG 24 C12 34 LILCD 
SEG 23 [13 33 (1 BP 
SEG 22 (14 SEG6 
SEG 21 (15 31 [1 SEG7 


SEG 20 L]16 30 |] SEG8 
SEG 19 (]17 29 LI N/C 


The device also acts as a versatile peripheral, able to 
drive displays, motors, relays, and solenoids within its 
output limitations. = 


The AY0438-1 is available in 40 lead dual-in-line ceramic 
and plastic packages. Unpackaged dice are also avail- 
able. 
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PIN DESCRIPTION 


3-29, 32, 33, 37-39 
30 
31 
34 
35 
36 
40 


Data Out 
Vss 
Clock 


FIGURE 1 TIMING DIAGRAM 


1/f 
I ' 
! ' 

! 


CLOCK 


DATA IN ’ 


I 
tds 44——epe—ldh 
DATA OUT : 


t t 


= ae nome 





OPERATING NOTES 


1. 


The shift register loads, shifts, and outputs on the 
falling edge of the clock. | 


. A logic 1 on Data In causes a segment to be visible. 
. Alogic 1 on Load causes a parallel load of the data in 


the shift register into latches that control the segment 
drivers. 


. If LCD@ is driven, it is in phase with the backplane 


output. 


. To cascade units, either connect backplane of one 


circuit to LCD® of all other circuits (thus one capacitor 
provides frequency control for all circuits) or connect 
LCD@® of all circuits to a common driving signal. If the 
former is chosen, tie just one backplane to the LCD 
and use a different backplane output to drive the 
LCD® inputs. The data can be loaded to all circuits in 
parallel or else Data Out can be connected to Data In 
to form a long serial shift register. 


The supply voltage of the AY04381 is equal to half the 
peak driving voltage of the LCD. 


. The LCD® pin can be used in two modes, driven or 


oscillating. If LCD@ is driven, the circuit will sense this 


Input 


Output 


Output 
Input 
Input 
Output 
Ground 
Input 





N 
= 
So 
i 
oc 
i 
Ww 
< 
a 
4 
(2) 
<x 
a 





Description 


Supply voltage 


Latch data from registers 
Direct drive outputs 
Backplane drive output 
Backplane drive input 

Data input to shift register 
Data output from shift register 
Ground 

System clock input 


FIGURE 2 OSCILLATOR FREQUENCY 
GRAPH (TYPICAL @ 25°C) 


Le ee De 
Pee NS See ied alee) eile ok 
= ea es 


eee eee 
FERasee 


condition and pass the LCD® input to the backplane 
output. If the LCD® pin is allowed to oscillate, its 
frequency is inversely proportional to capacitance 
and the LCD drivingwaveforms have a frequency 2° 
slower than the oscillator itself. The relationship is 
shown graphically (see Figure 2). The frequency is 
nearly independent of supply voltage. If LCD® is 
oscillating, it is important to keep coupling capaci- 
tance to backplane and segments as low as pos- 
sible. Similarly, it is recommended that the load 
capacitance on LCD® be as large as is practical. 


. There are two obvious signal races to be avoided in 


this circuit, (1) changing Data In when the clock is 
falling, and (2) changing Load when the clock is 
falling. 


. The number of a segment corresponds to soe 


many pulses have occurred since its data was 
present at the input. For example, the data on SEG 
17 was input 17 clock pulses earlier. 


10. It is acceptable to tie the load line high. In this case. 


the latches are transparent. Also, remote control 
would ony require two signal lines, clock and Data 
In. 
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ELECTRICAL CHARACTERISTICS 
Maximum Ratings* 


VODs sAcccuprncen vsetacetevneneevc nena eeoneiaereas -0.3V to +12V 
Inputs (CLK, Data In, Load) ............. Vcc to VoD +0.3V 
LC D® InpUtisencui netics -0.3V to VoD +0.3V 
Power Dissipation .............::ccccssssseenteeeseeesessees 250mW 
Storage Temperature ...........cceceeees -65°C to +125°C 
Operating Temperature Industrial ........ -40°C to +85°C 


DC CHARACTERISTICS 


Characteristics 


Input High Level 

Input Low Level Clock, 
Data, 

Input Leakage Current Load 

Input Capacitance 


LCD® Input Low Level 


LCD® Input Leakage 
Current Level 


Data Hold Time 
Load Pulse Width 


Data Out Prop. Delay 


*Exceeding these ratings could cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of this device at these conditions is 
not implied. Operating ranges are specified in Standard 
Conditions. Exposure to absolute maximum rating 
conditions for extended periods may affect device relia- 
bility. 

Data labeled "typical" is presented for design guidance 
only and is not guaranteed. 


Vpp = +5V unless otherwise noted 
TA = -40°C to +85°C 


Conditions 


LCD® OSC < 15 kHz 
LCD® OSC < 100Hz 


VDD = +3.0V 

VDD = +10.5V 

VIN = OV and +5.0V 
VDD = +5.0V 


IOH = -100A 
lol = 100A 


VIN = OV and +5.0V 
VDD = +5.0V 


Conditions 


50% duty cycle 


Data change to Clk 
falling edge 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 
or the listed sales offices. 


PART NUMBERS 


AY0438 - 1/P 


—_— Package: P Plastic DIP 
L 


PLCC 


Temperature 40° C to 85° C only 
Range: 


| Device: — 32 Segment LCD Driver 
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SECTION 6 
DIGITAL SIGNAL PROCESSING 
PRODUCT SPECIFICATIONS 


DSP PPOGUCE POMIOUG tisccl tht Ba ates iG a ree Meta taOode aaa dy cease de ant 6- 1 





DSP320C010 CMOS Digital Signal Processor (B Version) .............:::cccccceeeseeeeeeeeeeeeseeecateeeeeeteeeeneess 6- 5 
DSP320C10 DEVEIODINGN TOS geist ccsecenceSesasccaidea cet sacar trea esiaunecernindernck a ouss mene tesa 6- 23 
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: DIGITAL SIGNAL 
nO) EG 


DSP Product Portfolio 








COMMERCIAL DSP (0° TO 70°) 


CMOS DSP - COMMERCIAL (0° TO 70°) 
Microchip Speed (MHz) / Maximum Instruction | Internal Mask ROM Package 
Part Number Tl Part Number Cycle Time (ns) Version Available 
DSP320C10-32/P | 15.0 to 32.8 40L Plastic DIP 


DSP320C10-32/L 15.0 to 32.8 congue 44L PLCC 
DSP320C10-25/P 15.0 to 25.6/ 
TMS320C10NL-25 


DSP320C10-25/L 15.0 to 25.6/ 44L PLCC 
TMS320C10FNL-25 
10/P Plastic DIP 
Taeaecc | ONL 


DSP320C10-14/P 6.7 to 14.4/ 
TMS320C10NL-14 
0C10-14/ 6.7 to 14.4 


INDUSTRIAL DSP (-45° TO +85°C) 


to 
emus Plastic DIP 
haa P 





CMOS DSP - INDUSTRIAL (-45° TO +85°C) 
Microchip Speed (MHz) / Maximum Instruction | Internal Mas ROM Package 
Part Number Ti Part Number _ Time (ns) Version Available 
DSP320C10-321/P 15.0 to 32.8 40L Plastic DIP 
DSP320C10-32I/L 15.0 to 32.8 44L PLCC 





DSP320C10-251/P 15.0 to 25.6/ 40L Plastic DIP | 
TMS320C 10NA-25 

DSP320C10-251/L 15.0 to 25.6/ : 44L PLCC 
TMS320C10FNA-25 

DSP320C10I/P 6.7 to 20.5/ A40L Plastic DIP 
TMS320C10NA 


DSP320C10I/L 6.7 to 20.5/ — 44L PLCC 
TMS320C10FNA 
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DIGITAL SIGNAL PROCESSORS 


MILITARY DSP (-55° TO +110°C) Please refer to the "MILITARY DATA BOOK" 


CMOS DSP - MILITARY (-55° TO +125°C) 


DESC SMD — Speed (MHz) Maximum Package Lead 


Finish 


Internal 
Masked ROM 


Part Number Part Number _ Ti Part Instruction 
Version 


Number Cycle Time (ns) 








DSP320010-BiQA | 5962-87633010A = 40L Ceramic | Solder 
SMJ320C010JDM Side-Braze 
DSP320C10-B/QC 5692-8763301QC 6.7 to 20.5 40L Ceramic Gold 
eel a ee Pe 
DSP320C010-B/UA 5962-8763301 XA 6.7 to 20.5 44 Terminal Solder 
ee he ee ae 
DSP320C10-B/UC 5692-8763301XC 6.7 to 20.5 44 Terminal Gold 
ee ee 
15.0 to 25.6 40L Ceramic Solder 
meee Sec 
DSP320C10-25B/QC 5962-8763302QC 15.0 to 25.6 40L Ceramic Gold 
Dalal a 
C 
Fle 







DSP320C010-25B/QA 5962-8763302QA 










5962-8763302XC | 15.010 25.6 44 Terminal Gold 
LC 
DSP320CF10-25B/QA | 5962-87633050A | 6.7 to 25.6 40L Ceramic Solder 
nnn ee Bill 4) 
DSP320CF10-25B/QC | 5962-8763305QC | 6.7 to 25.6 40L Ceramic Gold 
henuel bron 
DSP320CF10-25B/UA 44 Terminal Solder 
Lec 


DSP320010-25B/UA 5692-8763302XA 15.0 to 25.6 44 Terminal Solder 
LC 
DSP320010-25B/UC ; 


DSP320CM10-B/QA 5962-8763303QA 6.7 to 20.5 40L Ceramic Solder 
X Side-Braze 


PERRIS SE OEE 
195 
195 
195 
195 
156 
156 
156 
156 
156 
156 
DSP320CF10-25B/UC | 5962-8763305XC 6.7 to 25.6 156 44 Terminal Gold | 
: LCC | 
| 
DSP320CM10-B/QC 5962-87633030QC 6.7 to 20.5 195 40L Ceramic Gold 
Side-Braze 
| 





DSP320CM10-B/UA 5962-8763303XA 6.7 to 20.5 44 Terminal Solder 
: to | 
DSP320CM10-B/UC 5962-8763303XC 6.7 to 20.5 195 44 Terminal Gold X 
eee ees | ae 
DSP320CM10-25B/QA | 5962-8763304QA 15.0 to 25.6 156 40L Ceramic Solder 
DSP320CM10-25B/QC | 5962-8763304QC 15.0 to 25.6 40L Ceramic Gold X 
Smee eee lee | LS 
DSP320CM10-25B/UA | 5962-8763304XA all Ge 
X C 


LC 
DSP320CM10-25B/UC | 5962-8763304XC | 15.0 to 25.6 44 Terminal 
| LCC | - 
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MILITARY DSP (-55° TO +110°C) (CONT.) 










NMOS DSP - MILITARY (-55° TO +110°C) 


= _ = 
Tl Part Instruction Finish 
Number Cycle Time (ns) 
Rss al NE Fl Lal 
Side-Braze 
5692-8405301QC 6.7 to 20.0 40L Ceramic Gold 
ef = See 


DSP32010-B/UA 5962-8405301ZA 6.7 to 20.0 500 44 Terminal Solder 
LCC 

DSP32010-B/UC 5692-8405301ZX 6.7 to 20.0 44 Terminal 
LCC 


PART NUMBERS - MILITARY (see next page for Commercial and Industrial Parts) 
DSP320x10 -321/QA 




















DESC SMD 
Part Number 


Microchip 
Part Number 


DSP32010-B/QA 





DSP32010-B/QC 












Lead Finish: A Solder Dip 
C Gold 
Case Outline: Q 44 Pin Side Braze DIL 
U 40 Terminal LCC 
Screening B MIL-STD-883C Compliant 
Level*: (-55° C to 125° C) 
Frequency: - 20.5 MHz 
25 25.6 MHz 
[ Device: DSP32010 NMOS DSP 
DSP320C10 CMOS DSP 





DSP320CF10 CMOS DSP, 6.7 to 25.6 MHz 
DSP320C10 CMOS DSP, ROM Version 


*Note: 32010 = TE (Thermally Enhanced LCC); 320010 = NTE (Non-Thermaily Enhanced LCC) 
- PART NUMBERS - DESC SMD 
5xx2 87633 30x QA 
















oy Lead Finish: A Solder Dip 
C Gold 
| Case Outline’: X Ceramic Dual-in-line (28 lead) 
Q Ceramic Side Braze DIL(40 lead) 
Zz Flat pack 
Version: 301 6.7 to 20.5 MHz 


302 15.0 to 25.6 MHz 

303 6.7 to 20.5 MHz, ROM Version 
304 15.0 to 25.6 MHz, ROM Version 
305 6.7 to 25.6 MHz 


Device: 5962 CMOS DSP 
5692 NMOS DSP 
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sedan DS P320C1 0 
CMOS Digital Signal Processor 
FEATURES DESCRIPTION 


e e e e e 


122ns instruction cycle 

144 word on-chip data RAM 

ROM-less version — DSP320C10 

1.5K word on-chip program ROM--DSP320CM10 

External memory expansion to a total of 4K words 
at full speed 

16-bit instruction/data word 

32-bit ALU/Accumulator 

16 x 16-bit multiply in 122ns 

0 to 15-bit barrel shifter 

Eight input and eight output channels 

16-bit bidirectional data bus with a 65Mbps 
transfer rate 

Interrupt with a full context save 

Signed two's complement fixed-point arithmetic 

CMOS technology 

Single 5 volt supply 

Four versions available: 


—DSP320C10-14 14.4MHz Clock 
—DSP320C10 20.5MHz Clock 
—DSP320C10-25 25.6MHz Clock 

32.8MHz Clock 


—DSP320C10-32 


40 LEAD DIP 


A1/PA1 [1 
AO/PAO [2 


PIN CONFIGURATION 
Top View 


The DSP320C10 is the first low power CMOS member 
of the Microchip Technology DSP320 family of digital 
signal processors, designed to support a wide range of 
high-speed or numeric-intensive applications. This 
device is a CMOS pin-for-pin compatible version of the 
industry standard DSP32010 digital signal processor. 


The processor has been enhanced to make the Data 
RAM static with respect to the Reset. Also, the address 
hold time has been improved to a non-negative value. 


This 16/32 bit single-chip microcomputer combines the 
flexibility of a high-speed controller with the numerical 
capability of an array processor thereby offering an 
inexpensive alternative to multichip bit-slice processors. 
The DSP320 family contains MOS microcomputers 
capable of executing eight million instructions per sec- 
ond. This high throughput is the result of the compre- 
hensive, efficient, and easily programmed instruction 
set and of the highly pipelined architecture. Special 
instructions have been incorporated to speed the execu- 
tion of digital signal processing (DSP) algorithms. 


The DSP320 family's unique versatility and power give 
the design engineer solutions to a variety of complicated 
applications. In addition, these microcomputers are 
capable of providing the multiple functions often re- 
quired for asingle application. For example, the DSP320 
family can enable an industrial robot to synthesize and 
recognize speech, sense objects with radar or optical 
intelligence, and perform mechanical operations through 
digital servo loop computations. 


PIN PLCC 


2 £5 At1/PA1 


rm) 
a 
> 
LJ 
= 


ot 
<< 
Sua 
i) 
GY 


cLKOUT [J 
x1 
X2/CLKIN 
BIO 


DSP320C10 
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DSP320C10 BLOCK DIAGRAM 


, 


X2/CLK IN L. CONTRO 


CLK OUT [|_| 
we ( 
DEN 
MEN (J 
Bio LJ 

mcymp [_] 


CLOCK 
GENERATOR 


INSTRUCTION 
DECODE/ 
CONTROLLER 


RESET L_| 
INT L_] 





16 
AUX 


REG. POINTER 


MODULE 


Ai1 - A0/ 
PA2-PAO 
MICROPROCESSOR 
OPTION 


L ROM 
MODULE 


ADDRESS BUS 


ADDRESS 


PROGRAM 
MEMORY ROM 


INSTRUCTIONS 


PC | STACK 
(12) | 4X12 


PROGRAM BUS 16 BITS 


DATA BUS 16 BITS 


16 


: ~ 4(16) 
Seale - [MULTIPLIER 
P(32) 


8 1 


ARO(16) BEN 
ARI(16) POINTER 
32 
8 


ACCUMULATOR 
(32) 


- ADDRESS 
be AK 
(144 X 16) 


MODULE 





External address bus. I/O port address 
multiplexed over PA2-PAO. 
External polling input for bit test and jump 
operations. | 
System clock output, 1/4 crystal CLKIN 
frequency. 
16-bit data bus. 

- Data enable indicates the processor 
accepting input data on D15-D0. 
Interrupt. | 


SHIFTER 
(0,1,4) 


ARITHMETIC 
MODULE 


Name fe) 
N 


MC/MP 


Memory mode select: High selects microcom- 
puter, low selects microprocessor mode. 
Memory enable indicates that | 
D15-D0 will accept external memory instruction. 
RS Reset used to initialize device. 

VCC Power. 

VSS Ground. 

WE Write enable indicates valid data on D15-DO. 
X1 Crystal input. | | 
X2/CLKIN Crystal input or external clock input. 


MEN 
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ARCHITECTURE 


The DSP320 family utilizes a modified Harvard architec- 
ture for speed and flexibility. In a strict Harvard architec- 
ture, program and data memory lie in two separate 
spaces, permitting a full overlap of the instruction fetch 
and execution. The DSP320 family's modification of the 
Harvard architecture allows transfers between program 
and data spaces, thereby increasing the flexibility of the 
device. This modification permits coefficients stored in 
program memory to be read into the RAM, eliminating 
the need for a separate coefficient ROM. It also makes 
available immediate instructions and subroutines based 
on computed values. 


The DSP320C10 utilizes hardware to implement func- 
tions that other processors typically perform in software. 
For example, this device contains a hardware multiplier 
to perform a multiplication ina single 122ns cycle. There 
is also a hardware barrel shifter for shifting data on its 
way into the ALU. Finally, extra hardware has been 
included so that auxiliary registers, which provide indi- 
rect data RAM addresses, can be configured in an auto 
increment/decrement mode for single-cycle manipula- 
tion of data tables. This hardware-intensive approach 
gives the design engineer the type of power previously 
unavailable on a single chip. 


32-bit ALU/Accumulator 


The DSP320C10 contains a 32-bit ALU and accumula- 
tor that support double-precision arithmetic. The ALU 
Operates on 16-bit words taken from the data RAM or 
derived from immediate instructions. Besides the usual 
arithmetic instructions, the ALU can perform Boolean 
Operations, providing the bit manipulation ability re- 
quired of a high-speed controller. | 


Shifters 


A barrel shifter is available for left-shifting data 0 to 15 
places before it is loaded into, subtracted from, or added 
to the accumulator. This shifter extends the high-order 
bit of the data word and zero-fills the low-order bits for 
two's complement arithmetic A second shifter left-shifts 
the upper half of the accumulator 0, 1, or 4 places while 
it is being stored in the data RAM. Both shifters are very 
useful for scaling and bit extraction. , 


16 x 16-bit Parallel! Multiplier 


The DSP320C10's multiplier performs a 16 x 16-bit, 
two's complement multiplication in one 122ns instruc- 
tion cycle. The 16-bit T Register temporarily stores the 
multiplicand; the P Register stores the 32-bit result. 
Multiplier values either come from the data memory or 
are derived immediately from the MPYK (multiply imme- 
diate) instruction word. The fast on-chip multiplier allows 
the DSP320C10 to perform such fundamental opera- 
tions as convolution, correlation, and filtering at a very 
high rate. 


DSP320C10 


Program Memory Expansion 


The DSP320C10 is equipped with a 1536-word ROM 
which can be mask-programmed at the factory with a 
customer's program. It can also execute from an addi- 
tional 2560 words of off-chip program memory at full 
speed. This memory expansion capability is especially 
useful for those situations where a customer has a 
number of different applications that share the same 
subroutines. In this case, the common subroutines can 
be stored on-chip while the application specific code is 
stored off-chip. 


The DSP 320C10 can operate in either of the following 
memory modes via the MC/MP pin: 


Microcomputer Mode (MC)—Instruction addresses 0- 
1535 fetched from on-chip ROM. Those with addresses 
1536-4095 fetched from off-chip memory at full speed. 


Microprocessor Mode (MP)—Full speed execution from 
all 4096 off-chip instruction addresses. 


The ability of the DSP320C10 to execute at full speed 
from off-chip memory provides important benefits: 


¢ Easier prototyping and development work than is 
possible with a device that can address only on- 
chip ROM 

¢ Purchase of a standard off-the-shelf product rather 
than a semi-custom mask-programmed device 

¢ Ease of updating code 

* Execution from external RAM 

¢ Downloading of code from another microprocessor 

« Use of off-chip RAM to expand data storage 
capability 


Input/Output 


The DSP320C10's 16-bit parallel data bus can be util- 
ized to perform I/O functions at burst rates of 65 million 
bits per second. Available for interfacing to peripheral 
devices are 128 input and 128 output bits consisting of 
eight 16-bit multiplexed input ports and eight 16-bit 
multiplexed output ports. In addition, a polling input for 
bit test and jump operations (BIO) and an interrupt pin 
(INT) have been incorporated for multi-tasking. 


Interrupts and Subroutines 


The DSP320C10 contains a four-level hardware stack 
for saving the contents of the program counter during 
interrupts and subroutine calls. Instructions are avail- 
able for saving the DSP320C10's complete context. The 
instructions, PUSH stack from accumulator, and POP 
stack to accumulator permit a level of nesting restricted 
only by the amount of available RAM. The interrupts 
used in the DSP320C10 are maskable. 
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INSTRUCTION SET 


The DSP320C10's comprehensive instruction set sup- 
ports both numeric-intensive operations, such as signal 
processing, and general purpose operations, such as 
high-speed control. The instruction set, explained in 
Tables 1 and 2, consists primarily of single-cycle single- 
word instructions, permitting execution rates of up to 
eight million instructions per second. Only infrequently 
used branch and |/O instructions are multicycle. 


The DSP320C10 also contains a number of instructions 
that shift data as part of an arithmetic operation. These 
all execute in a single cycle and are very useful for 
scaling data in parallel with other operations. 


Three main addressing modes are available with the 
DSP320C10 instruction set: direct, indirect, and imme- 
diate addressing. 


Direct Addressin 


In direct addressing, seven bits of the instruction word 
concatenated with the data page pointer form the data 
memory address. This implements a paging scheme in 
which the first page contains 128 words and the second 
page contains 16 words. In a typical application, infre- 
quently accessed variables, such as those used for 
servicing an interrupt, are stored on the second page. 
The instruction format for direct addressing is shown 
below. 


16 14131211109817/6 543210 


OPCODE (0 
















Bit 7 = 0 defines direct addressing mode. The opcode is 
contained in bits 15 through 8. Bits 6 through 0 contain 
data memory address. 


The seven bits of the data memory address (DMA) field 
can directly address up to 128 words (1 page) of data 
memory. Use of the data memory page pointer is 
required to address the full 144 words of data memory. 


Direct addressing can be used with all instructions 
requiring data operands except for the immediate oper- 
and instructions. 


indirect Addressi 


Indirect addressing forms the data memory from the 
least significant eight bits of one of two auxiliary regis- © 
ters, ARO and AR1. The auxiliary register pointer (ARP) 
selects the current auxiliary register. The auxiliary 
registers can be automatically incremented or decre- 
mented in parallel with the execution of any indirect 
instruction to permit single-cycle manipulation of data 
tables. The instruction format for indirect addressing is 
as follows: | 


SEER ARERR 


DTN, 
OPCODE NIEIA R 
C}C;R P 


Bit7 = 1 defines indirect addressing mode. The opcode 
is contained in bits 15 through 8. Bits 7 euouan Ocontain 
indirect addressing control bits. 










Bit 3 and bit 0 control the Auxiliary Register Pointer 
(ARP). If bit 3 = 0, then the content of bit 0 is loaded into 
the ARP. If bit 3 = 1, then content of ARP remain 
unchanged. ARP = 0 defines the contents of ARO as 
memory address. ARP = 1 defines the contents of AR1 
as memory address. | 


Bit 5 and bit 4 control the auxiliary registers. If bit 5 = 1, 
then the ARP defines which auxiliary register is to be 
incremented by 1. Ifbit4 = 1, then the ARP defines which 
auxiliary register is to be decremented by 1. If bit 5 or 
bit 4 are zero, then neither auxiliary register is incre- 
mented or decremented. Bits 6, 2 and 1 are reserved 


-- and should always be programmed to zero. 


Indirect addressing can be used with all instructions 
requiring data operands, except for the immediate oper 
and instructions. | | 


immediate Addressin 


The DSP320C 10 instruction set contains special "imme- 
diate" instructions. These instructions derive data from 
part of the instruction word rather than from the data 
RAM. Some very useful immediate instructions are 
multiply immediate (MPYK), load accumulator immedi- 
ate (LACK), and load auxiliary register immediate (LARK). 


teeters PERT is este TSS POnc i iht  psisinisssssi AnshessneeneesnsheNRAN RAEN AS 
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INSTRUCTION SET SUMMARY 


TABLE 1 - INSTRUCTION SYMBOLS 
eee [wwe 


Accumulator 

Data memory address field 
Addressing mode bit 
Immediate operand field 
3-bit port address field 
1-bit operand field specifying auxiliary register 
4-bit left-shift code 

3-bit accumulator left-shift field 

























TABLE 2 - ACCUMULATOR INSTRUCTIONS 


Mne- Number of OpCode - Instruction Register 


monic ‘Description == Cycles. Words 14131211109 8 765 4321 


— 
— 


Absolute value of accumulator 0 
Add to accumulator with shift 
Add to high-order accumulator bits 
Add to accumulator with no sign 
extension 

AND with accumulator 

Load accumulator with shift 
Load accumulator immediate 
OR with accumulator 

Store high-order accumulator 
bits with shift 

Store low-order accumulator bits 
Subtract from accumulator 

with shift 

Conditional subtract (for divide) 
Subtract from high-order 
Subtract from accumulator with 
no sign extension 

Exclusive OR with accumulator 
Zero accumulator 

Zero accumulator and load 
high-order bits 

Zero accumulator and load 
low-order bits with no sign 
extension 


oon 


1 
I 
| 
| 


—_~ hk ok —_ Q © 
eae Oo 
—- (oO 


ooo io) 
oo Is ] 
NO x 
o -+0 =00 lee ene ae 


oOo — 





aS sss 
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INSTRUCTION SET SUMMARY (CONT.) 


TABLE 2 (CONT.) - AUXILIARY REGISTER AND DATA PAGE POINTER INSTRUCTIONS 


Mne- Number of OpCode - Instruction Register 
monic Description Cycles Words 







15 14131211109 8 7 6 5 4 32 1 













Load auxiliary register 


LARK Load auxiliary register immediate 1 1 

LARP Load auxiliary register 1 1 
pointer immediate 

LDP Load data memory page pointer 1 1 

LDPK Load data memory page pointer 1 1 
immediate 

MAR Modify auxiliary register and pointer 1 1 
Store auxiliary register 1 


TABLE 2 (CONT.) - BRANCH INSTRUCTIONS 


Number of OpCode - instruction Register 
Description Cycles Words [45 14131211109 8 765 4 321 


P00" Ae 0% 2: 1020 O30) 0 
~——— BRANCH ADDRESS-——_> 
010 00000000 
~———— BRANCH ADDRESS> 
110 1 00 00 000 
~—— BRANCH ADDRESS> 
110 00 000000 
~—— BRANCH ADDRESS> 
0.44! OO 0 20 O 0 0 0 
¢~—___— BRANCH ADDRESS> 
101 10000000 
~——— BRANCH ADDRESS———> 
10> HO -0° 0. 0 20 Or0:-0 
~— BRANCH ADDRESS> 
1114 00 0 00000 
~—_—— BRANCH ADDRESS———_> 
O04 -O 4-0. 0G 0: 0 00 
~—__— BRANCH ADDRESS> 
444 7 “OO. 0 -O-. 00-0 
~—__—— BRANCH ADDRESS———> 
ot 4, A Ae SO. tO: FO. 


Branch unconditionally 
Branch on auxiliary register 
not zero 

Branch if accumulator > 0 
Branch if accumulator > 0 
Branch on BIO = 0 

Branch if accumulator < 0 
Branch if accumulator < 0 
Branch if accumulator # 0 


Branch on overflow - 


Branch if accumulator = 0 


=2aOoOo}-OoOoj/,-0 -0+0+/0-"0+-(0+-(0+-0— 
“"-"o-}?-oO0O-r-o0+0+0L0fO0+-0+0+0-— 
=-O-O0+d0d0+-"o0+0+O07+r0+0+0—4 


1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 
0 


Call subroutine from accumulator 


100 0 0 0 0 0 00 0 
<—————- BRANCH ADDRESS———> 
14117 14 1 0 0 1 1 +0 


Call subroutine immediately 


oo 
=—- OO — 
—_—_— Oo — 


Return from subroutine or 
interrupt routine 
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INSTRUCTION SET SUMMARY (CONT.) 


TABLE 2 (CONT.) - T REGISTER, P REGISTER, AND MULTIPLY INSTRUCTIONS 


Number of OpCode - Instruction Register 


Description Cycles Words 
15 14131211109 8 7 6 5 4 


APAC Add P register to accumulator 1 41141 
Load T register 010 1 
LTA combines LT and APAC 0 1 1 #0 
into one instruction 
LTD combines LT, APAC, and 
DMOV into one instruction 
Multiply with T register, store 
product in P register 
Multiply T register with immediate 
operand; store product in P register 
Load accumulator from P register 
Subtract P register from 
accumulator 


TABLE 2 (CONT.) - CONTROL INSTRUCTIONS 


Number of OpCode - Instruction Register 


ipti Cycles Words 
pescnpyen y 15 14131211109 8 76543210 


Disable interrupt 

Enable interrupt 

Load status register 

No operation 

POP stack to accumulator 
PUSH stack from accumulator 
Reset overflow mode 

Set overflow mode 

Store status register 


TABLE 2 (CONT.) - I/O AND DATA MEMORY OPERATIONS 


OpCode - Instruction Register 


oo 
-— © 
—_ 


co @) 
oo 
oOo 
F 


Oemo- = = OODOCO 


| 


— = = AP | = = =a 
on a a a a ao a ao 
ooooo0o0o0o°0o 
ee ee a ee a ce Car cae 
Ne a a a a 
ee a a a a a er 
Ne ee ee 
—_a se oot sot Ost 
oe a a a oo 
ows Se ss 
eee ee ee eS 

ooo0o oOo 

ooo0o 0 

oo+-+0 

oo+-++0o 

—“~ + OOO 

a =-& O-~- © 


| 





Mne- Number of 





monic Description Cycles Words 1914131211109 8765 4 3 

DMOV Copy contents of data memory 1 1 01411034001 40 D ——~ 

IN Input data from port 2 1 0 1000 ¢PA> | ¢—— D —— 

OUT Output data to port 2 1 0 10014 ¢€PA> | e—— D —~- 

TBLR_ Table read from program 3 1 0110014 1 4 4 ¢— D ——~ 
memory to data RAM ) 

TBLW Table write from data RAM 3 1 Oo 1141414 1 0 4; 1 - «— D—— 


to program (external only) 


ES RR SE ST A RE SP SES SE SE SET 
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ELECTRICAL CHARACTERISTICS 
Absolute Maximum Ratings* 


Over specified temperature range (unless otherwise 
noted)** 


Supply voltage, VCC ou... ecceesssssssessseeseesteeenes -0.3V to 7V 
All input Voltages .............ccsssccecessseteeeeesenes -0.3V to 7V 
Output Voltage «0... cesstcesssteeesseeeeeestnes -0.3V to 7V 
Continuous power dissipation: | 
DSP320C10 (0° to +70°C) .........cccccccsceseeseerseeeeaees 0.3W 
DSP320C101 (-40° to +85°C) ooo... eeeeeeneceeee 0.36W 
DSP320C10-25 (0° t0 +70°C) o.oo... eeeseseeeeeeeeeees 0.35W 
DSP320C 101-25 (-40° to +85°C) oe eeeeeneees 0.4W 
Air temperature range above operating device: 

— Commer Cial ..........cccceccesssceeessseeeeeesees 0° C to 70°C 
— Industrial ..................cccssssesssssesesseeseeee -40° C to 85° C 
Storage Temperature Range ............. -55° C to 150° C 


Junction Temperature (TU) ..........cccssccecssseeeeeeee 165°C 


DC CHARACTERISTICS 


. DSP320C10 | DSP320C10-14 
Characteristics 


Supply voltage, Vcc 


Supply voltage, Vss 


High-level input voltage, ViH 
- All inputs except CLKIN 

- CLKIN .65Vco 
Low-level input voltage, Vit (all inputs) 


High-level output voltage VoH 


~ | 
. 


2. 


‘_ 


B | 
[2] 
oO 


Low-level output voltage, VoL 


Off-state output current, loz 


Supply current, Icc 
(tested w/clocks running & part in reset) 


<= > 
a|° = wo 
> 7 


Input capacitance, Ci 
- Data bus 


25 
- All others 15 
: Output capacitance, Co 
- Data bus 
- All others 





> 
on 
& 
nn 
on 
So 


Bi 


Oo 


t+ nh 
ae] 
8 [se | 


**Exceeding these ratings could cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of this device at these conditions is 
not implied - operating ranges are specified in Standard 
Conditions. Exposure to absolute maximum rating 
conditions for extended periods may affect reliability. 


Data labeled "typical" is presented for design guidance 
only and is not guaranteed. 


*Voc = 5V, TA= 25°C 


DSP320C10-25 | DSP320C10-32 


Conditions - 


- 2 
. 


2.4 


S 
° 


< > 
Pe ame: e 
i <= fo] nn 
: 5 C 
oOo 
p 


20 | wA 
20 | pA 


Vcc = 5.5V 
Vo = Vcc - .4V. | 





~15 pF . 
f=1 MHz, . 
all other pins OV 

pF 
pF 
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DSP320C10 
PARAMETER MEASUREMENT INFORMATION 


FIGURE 2 - TEST LOAD CIRCUIT 


V=2.14V 


RL = 870 ohms 
From output 


under test 
Test Point 


T Ch = 100pF 


TTL Load Condition 


FIGURE 3 - AC TIMING VOLTAGE REFERENCE LEVELS 


a. Inputs, TTL compatible b. Outputs, TTL compatible 


--- VIH (min.) 


Vit (max.) VoL (max.) 
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CLOCK 


The DSP320C10 can use either its internal oscillator or 
an external frequency source for a clock. 


INTERNAL CLOCK OPTION 


The internal oscillator is enabled by connecting a crystal 
across X1 and X2/CLKIN (See Figure 1) . The frequency 
of CLKOUT is one-fourth the crystal fundamental fre- 
quency. 


FIGURE 1 - INTERNAL CLOCK 
OPTION 


DSP320C10 
X14 X2/CLKIN 





The crystal should be fundamental mode, and parallel 
resonant, with an effective series resistance of 30 ohms, 
a power dissipation of 1mW, and be specified at a load 
capacitance of 20pF. 


EXTERNAL CLOCK OPTION 


An external frequency source can be used by injecting 
the frequency directly into X2/CLKIN with X1 left uncon- 
nected. 


The external frequency injected must conform to the 
specifications listed in the table below. 


CLOCK FREQUENCIES 





| Characteristics 


DSP320C10 Crystal frequency 


DSP320C 10-14 Crystal frequency 
DSP320C10-25 Crystal frequency 
DSP320C10-32 Crystal frequency 
C1,C2 





Range Conditions 


DS21037B-10 
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DSP320C10 
CLOCK (CONT.) 


CLOCK AC CHARACTERISTICS Ta (Commercial) = 0° to 70° C 
Ta (Industrial) = -40° to 85° C 


Timing requirements/Switching Characteristics over Recommended Operating Conditions Voc = 5V + 10%, Vss = OV 


Characteristics 


Master clk cycle time | Tc(MC) 


Rise time mast. clk in. | Tr(MC) 
Fall time mast. clk in. | T(MC) 


22) 
ml 
o> 
nm 
o 
—_i, 
o 
wm 
mo} 
o> 
rm 
=) 
wi, 
=) 
a 
rs 
wm 
‘~O 
ra) 
nm 
S 
anh, 
° 
nm 
a 
o 
wm 
a 
“2 
nm 
o 
© 
ai, 
= 
o> 
nS 


co 
~ 
Cc 


Pulse dur. mast. clk 
low, Tc(MC) = 70ns_ _‘{Tw(MCL) 


14* 
Pulse dur. mast clk 
high, Tc(MC) = 70ns 9 |TwMCH)) 14" 


Bape 
Pulse dur. mast clk |Tw(MCP)| 0.4Tc(c)* : 0.6Tc(C)' | 0.4To(C)" = 0.6To(C)* {0. oS 
a 


— 
nm 


=p par = paw 


CLKOUT cycle time 
CLKOUT rise time 


CLKOUT fall time 





Pls. dur., CLKOUT low | Tw(C 


Pls.dur., CLKOUT high | Tw(CH) 


Delay time to CLKINT 
to CLKOUTN (Note 2) 






Note: (1) TC(C) is the cycle time of CLKOUT. i.e., 4*TC(MC) (4 times CLKIN cycle time if an external oscillator is used) 
(2) *These values were derived from characterization data and are not tested or guaranteed. 


CLOCK TIMING 
Q3 Q4 Q1 Q2 
TR(MC) (MCP) 
Tc(MC) aa] w(MCH) Ww ‘ 
X2/CLKIN } -_ 
(DSP internal 
clock) | Tw((MCL) 
TAS) Tw(CH) 

Tp(MCC)* 

CLKOUT © 

TF(C) TR(C) 
Tw(CL) ; 
Tc(C) 


* TD(MCC) and TW(MCP) are referenced to an intermediate level of 1.5 volts on the CLKIN waveform. 
Note: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage 
of 2.0 volts, unless otherwise noted. 
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MEMORY AND PERIPHERAL INTERFACE TIMING 





MEMORY AND PERIPHERAL INTERFACE - AC CHARACTERISTICS 
Over recommended operating conditions 


_ Characteristics Sym Conditions 


cs. 





[é®) 
co 


Delay time CLKOUT. to address bus valid (see note) Td1 10" See Figure 2 


Delay time CLKOUTY to MENL C 


— 


~— 
=a | =e —_— 
ine] Po 
~_— 


Td2 1/4To(C /4Tc(C) +12 


— 
— 
— 


5 
Delay time CLKOUT. to MENT Ta3 


Delay time CLKOUTL toDEN, /ATe(C) +12 


Ta4 1/4Te(C 


~~ 


5 
Delay time CLKOUTI to DENT Td5 


Delay time CLKOUT to WEL 


Td6 1/2Tc(C) -5" 1/2Tc(C) +12 


Delay time CLKOUTL to WET Td7 


— 
NO 


Delay time CLKOUTJ to data bus OUT valid 


: 


Td 1/4To(C) +40 


Time after CLKOUTJ that data bus starts to be driven Ta9 1/4Tc(C) - 5* 


Td10 





Time after CLKOUTJ that data bus stops being driven 


1/4To(C) +30* 


Data bus OUT valid after CLKOUTL Tv -1/4Tc(C) - 10 


Delay time DENT, MENT and WET from RSL | Tat To(C) + 50° 


Setup time data bus valid priorto CLKOUTL Tsu(D) 


Hold time data bus held valid after CLKOUTI Tho) 


oO 


Address bus setup time prior to MENJ or DENJ Tsu (A-MD) 1/4Tc(C) -35 





Address bus hold after WET, MENT or DENT Th(A-WMD) 


- Address bus setup time prior to Wel Tsu(A-WE) 1/2Tc(C) -34 







Data bus setup time prior to WEL Tsu(D-WE) 1/4Te(C) -32 


Data bus hold after WET Th(D-WE) 1/4Tc(C) -18 


i?) 


External memory access time Tace «Nef 


C) - 69 
External memory output enable time | er Las a 3/4 Te(C) - 40 ja 


“These values were derived from characterization data and are not tested. . 
| Note: 1. Address bus will be valid upon WET, DENT, or MENT. 
2. Data may be removed from the data bus upon MENT or DENT preceding CLKOUTJ 
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DSP320C10 
MEMORY AND PERIPHERAL INTERFACE TIMING (CONT.) 


MEMORY READ TIMING DIAGRAM 


CLKOUT 


Tsu(A-MD) 
To1 
(X X XXX XX) XX XX XX x’ \ x) 
KO desataesracol aah ogy OY 


X KY 


p. 


—~-~—— _ Tsu(D) TH(D) 


(} INSTRUCTION INVALID —[) 


Note: Timing measurements are referenced to and from a low voitage of 0.8 voits and a high voltage of 2.0 voits, unless otherwise noted. 








ee 
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DSP320C10 
INSTRUCTION TIMING DIAGRAMS (CONT.) — 


TBLR INSTRUCTION TIMING DIAGRAM 


CLKOUT 
Tp3 ae 
MEN 1 2 4 
XX) XX) (XX) XX) 
ar CD) G:C) GE 
3 Tsu(A-MD) = Tsu(D) m 

Legend: 
1. TBLR INSTRUCTION PREFETCH 7. ADDRESS BUS VALID 
2. DUMMY PREFETCH 8. ADDRESS BUS VALID 
3. DATA FETCH 9. INSTRUCTION IN VALID 
4. NEXT INSTRUCTION PREFETCH 10. INSTRUCTION IN VALID 
5. ADDRESS BUS VALID 11. DATA IN VALID 
6. ADDRESS BUS VALID 12. INSTRUCTION IN VALID 


Note: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 


TBLW INSTRUCTION TIMING DIAGRAM 


CLKOUT 





AY Yd) La OX? 
a, > Ca cir er 
WE 
Th(D-WE) 
TV 
A, AY 
Tb8 To10-——>| 
Legend: 
1. TBLW INSTRUCTION PREFETCH 
2. DUMMY PREFETCH 7. ADDRESS BUS VALID 
3. NEXT INSTRUCTION PREFETCH 8. INSTRUCTION IN VALID 
4. ADDRESS BUS VALID 9. INSTRUCTION IN VALID 
5. ADDRESS BUS VALID 10. DATA OUT VALID 
6. ADDRESS BUS VALID 11. INSTRUCTION IN VALID 


Note: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 
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INSTRUCTION TIMING DIAGRAMS (CONT.) 


IN INSTRUCTION TIMING DIAGRAM 





CLKOUT 
MEN 1 
a Ti(A-WMD) 
CAAA/ LA AA/ . CAAA) CAAA/ 
yyy YY YO, WY 
Tp4 Tp5 
DEN 
Tsu(D) TH(D) 


Legend: 

1. IN INSTRUCTION PREFETCH 5. ADDRESS BUS VALID 
2. NEXT INSTRUCTION PREFETCH 6. INSTRUCTION IN VALID 
3. ADDRESS BUS VALID 7. DATA IN VALID 

4. PERIPHERAL ADDRESS VALID 8. INSTRUCTION IN VALID 


Note: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 


OUT INSTRUCTION TIMING DIAGRAM 


CLKOUT 


MEN 













AX AXXXX XX) 
Al1-A0 RORY : eval ‘ PRK 5 
——Tp7 
‘WE 
Tpo10 
Tv 
CAAAAA) 
AER, 
eer Ry 
i 
Legend: ers 
1. OUT INSTRUCTION PREFETCH 5. ADDRESS BUS VALID 
2. NEXT INSTRUCTION PREFETCH 6. INSTRUCTION IN VALID 
3. ADDRESS BUS VALID 7. DATA OUT VALID 


4. PERIPHERAL ADDRESS VALID 


Note: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, 
unless otherwise noted. 





SS a aa aa NF en ea re ee ee 
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RESET (RS) TIMING 


RESET TIMING AC CHARACTERISTICS 
Timing requirements over recommended operating conditions 


Characteristics 


Reset (RS) setup time prior to 
CLKOUT. See notes 1-4. 
DSP320C 10-32 


Delay time DENT, WET, and See Figure 2 
MENT from RSJ 


Note: RS can occur anytime during a clock cycle. Time given is minimum to ensure synchronous operation. 
*These values were derived from characterization data and are not tested. 


FIGURE 4 - RESET TIMING 


CLKOUT 


ae Data In from Data In from 
PC Addr (0) PC Addr (PC+1) 


Data shown relative to WE 


AB = PC AB = PC+1 AB = PC =0 X AB = PC+1 


AB = Address Bus 





Notes: 

1. RS forces DEN, WE, and MEN high and tristates data bus DO through D15. AB outputs (and program counter) are 
synchronously cleared to zero after the next complete CLK cycle from RSJ. 

2. RS must be maintained for a minimum of five clock cycles. 

Resumption of normal program will commence after one complete CLK cycle from RST. 

4. Due to the synchronizing action on R$, time to execute the function can vary dependent upon when RST or RSJ occur in the 
CLK cycle. . hs . 

5. Diagram shown is for definition purpose only. DEN, WE, and MEN are mutually exclusive. : 

6. | Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise 
noted. | | 

7. During a write cycle, RS may produce an invalid write address. 


o 


heen nrmonremeramtnnemeenmencnannemmememenarmemmnnenemmenenm nme ee a ers 
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INTERRUPT (INT) TIMING 


INTERRUPT TIMING AC CHARACTERISTICS 
Timing requirements over recommended rr conditions * These values are not tested 


sym tthe Max _| Unit | Conditions 


Fall time INT Ti(INT) 
Pulse duration INT Tw(INT) 
Setup time INTL before CLKOUTJ | Tsu(INT) 


INTERRUPT TIMING DIAGRAM 


CLKOUT 


Tsu(INT) 


TWINT): See 


Note: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 
2.0 volts, unless otherwise noted. . 





VO (BIO) TIMING 


/O (BIO) AC CHARACTERISTICS 


Timing requirements over recommended operating conditions * These values are not tested 


Sym 


Fall time BIO 
Pulse duration BIO 


/O (BIO) TIMING DIAGRAM 


CLKOUT 


TF(IO) 


Tw(lO)  ————— 


Note: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 
2.0 volts, unless otherwise noted. 





eee etn ntenenlintintettenettnan at tannsrntnerrarefatenttenn ig ersten sft pnts anenfne rrr 
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SALES AND SUPPORT 


To order or to obtain information, e.g., on pricing or delivery, please use the listed part numbers, and refer to the factory 


or the listed sales offices. 


PART NUMBERS 
DSP320C10 - 321/P 





Package: 


Temperature 
Range: 


Frequency: 14 


25 
32 





Plastic DIP 
PLCC 


0 to 70°C 
-40 to 85°C 


14.4 MHz 
20.5 MHz 
25.6 MHz 
32.8 MHz 


Device DSP320C10 Digital Signal Processor 
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DSP320C10 DIGITAL 
SIGNAL PROCESSOR 
SUPPORT TOOLS 


introduction 
The following information relates to the support tools available for Microchip's 
DSP320C10 Digital Signal Processor. A brief description of each tool is provided 
along with the availability and prices. A part number is assigned for each product 
and this number should be used when ordering. 


For more information, please contact your local Microchip sales office. Microchip 

reserves the rights to change the specifications of each system without notice. 
Systems & Tools 

Hardware Tools: 


Please contact your local sales office or factory for a list of third party support 
products. These include in-circuit emulators, EVM boards and other plug in 
modules. 


Software Tools: 





Product Function | i 


C10ASM A cross assembler and linker with macro capabilities for 
DSP320C10. Various computer systems are supported. 


C10SIM A software instruction level simulator of DSP320C10. 
Available on various computer systems. 


Please contact your local sales office or factory for a list of third party support 
products. These include assemblers/linkers, filter design packages and other 
DSP libraries. 
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DSP320C10 SUPPORT TOOLS 


‘C10ASM (ASSEMBLER/LINKER) 


Description : 


This is a cross assembler which converts the source code to object code for 
Microchip's DSP320C10 series of 16-bit digital signal processors. A linker is also 
provided for combining separately assembled modules into one or more object 
modules. Multiple object code format is provided and supports formats required 
by all other Microchip's development systems. One of the output format is 8 bit 
Intel hex format. Under this format two separate files with high bytes in one and 
low bytes in another file are produced. This eases programming 8 bit wide 
EPROMs. 


Functional Features 
¢ Absolute and Relocatable addressing. 
¢ Conditional assembly. 
¢ Macro capability. 
¢ External Symbol Reference. 
¢ Multiple Object code formats. 
¢ Combines separately assembled modules into one or more object modules. 
¢ External Symbol resolution. 
¢* ROM/RAM partitioning. 
¢ Object code libraries and Multiple Object code formats. 


Minimum Host Requirements : | | 
¢ MS-DOS -- 512k RAM. 


¢ VAX/VMS. 


Part Number & Ordering Information 


¢ C10ASM-DS C10 Assembler/Linker for MS-DOS systems/IBM 
compatibles | 
* C10ASM-VS C10 Assembler/Linker for DEC VAX/VMS 
DS21047B- 2 | 7 | | © 1990 Microchip Technology Inc. 
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DSP320C10 SUPPORT TOOLS 


C10SIM (SIMULATOR) 


Description 


This is a software simulator simulating the DSP320C10 series. The simulator 
accepts any object code format generated by Microchip's cross assembler, and 
aids in debugging and testing microcode. Algorithms and software development 
can be executed without waiting for silicon and other hardware. Since the 
simulator is totally under software control, the user has a lot more control in 
execution of his code through complex breakpoints, trace, single stepping, 
viewing/modifying. Various signals, memory locations and registers can be 
viewed very easily. Signals can be injected or captured from/to files by redirecting 
the I/O port to files, and then be analyzed by other software. 


Functional Features 


Instruction Boundary Simulation 

Three execution modes ( execute until break condition, trace and single 
stepping). 

Flexible breakpoints : On Instruction acquisition, error conditions, data 
conditions and maskable memory read/write. 

Watch/modify registers and memory locations. 

128 instruction trace buffer (can be output to a file). 

Continuous trace mode 

Symbolic debug and symbolic disassembler. 

File associated port I/O. 

Programmable interrupts. 


Friendly user interface that can constantly display registers and memory on 
screen. 


Input/Output Radix can be Hex, decimal or Octal. 


Part Number & Ordering Information 


¢ C10SIM-DS C10 Simulator for MS-DOS systems/IBM compatibles 
* C10SIM-VS C10 Simulator for DEC VAX/VMS 
© 1990 Microchip Technology Inc. | DS21047B- 3 
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DSP320C10 SUPPORT TOOLS 


NOTES: 
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Quality Without Compromise 





A CORPORATE COMMITMENT 


Raising the quality level of Microchip's products and 
services is a performance alliance built with customers 
and suppliers. 


Total quality improvement and quality awareness is 
powered by company-wide participation. 


Meeting a customer's expectations is where quality 
commitment begins. The resolve to continuously im- 
prove as a supplier never ends. 


THE CHALLENGE OF COMPLEXITY 
Integrating An ideal 


Microchip's quality programs and business plan are ver- 
tically integrated and touch all levels of the company. 
From the top down the President and CEO actively leads 
and audits programs to ensure continuous improvement 
is a perpetual process. Quality teams work from the 
bottom up to improve performance at every department 
level. Incorporating quality improvement objectives into 
the business plan creates a unity of purpose and man- 
dates that the two merge as one measurement. 


Determination To Be The Best 


Through statistical management and the use of statisti- 
cal tools, a framework is built for becoming a continu- 
ously improving supplier. The programs put in place are 
to become the foundation for success. 
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PROCESS TECHNOLOGY 


EEPROM Technology 


Microchip's CMOS floating gate EEPROM technology 
produces a non-volatile memory cell by storing or re- 
moving charge from the floating gate. Charge is trans- 
ferred bidirectionally to the floating gate by Fowler- 
Nordheim tunneling through a sub-10 nm oxide over the 
drain of the transistor. This technology produces a 
memory cell with a guaranteed endurance of > 10* which 
can be erased automatically and byte written in-situ ina 
system, all in 1 ms. 


EPROM Technology 


The CMOS EPROM technology produces a non-volatile 
memory cell by storing or removing charge from a self- 
aligned floating gate. Electrons are provided to the 
floating gate via hot electron injection from the drain 
depletion region, and are removed by radiation from a 
high intensity UV source. This memory cell is guaran- 
teed to have an endurance of >100. Programming is 
done off-line using an EPROM programmer and block 
erasing accomplished with a high intensity UV source 
through the package window. 


SNOS Technology 


Microchip's SNOS EEPROM technology produces a 
non-volatile memory cell which stores or removes charge 
from the nitrite/oxide interface by electron tunneling 
through a sub-5 nm oxide under the nitride. This cell is 
guaranteed to have an endurance >10*. Individual bytes 
can be written in-situ in a system at 30 ms but due to 
layout design constraints, a circuit can only be block 
erased. 


Microcontroller and Logic 


Logic Products use an N-well CMOS technology. 
Depending on functionality and/or performance require- 
ments, however, different variations of the CMOS proc- 


ess are used. These include ROM, EPROM or EEPROM 


and use of single or double level metallization. Two 
levels of polysilicon are used for EPROM, EEPROM or 
Capacitors (in analog circuits). 


Oxide spacers are used to obtain DDD (Double Diffused 
Drains) and titanium is used for polycide formation for 
low resistance poly lines. The process uses a 250 A 
gate-oxide thickness and 550 A interpoly oxide thick- 
ness. Boron and Phosphorous plugs are used for N- 
contacts and P-contacts to prevent junction spiking. 


QUALITY 
Design For Quality And Reliability 


Product reliability is designed into all Microchip proc- 
esses and products. Design margins are established to 
guarantee every product can be produced economi- 
cally, error-free and within the tolerances of the manu- 
facturing process. Design committee members repre- 
senting manufacturing, engineering, quality and product 
divisions ensure that exacting standards are met for 
each specific product. 


Documentation And Procurement 
Specifications 


Microchip's positive documentation control program 
assures the correct and current document always is 
available at the point of use. Active documents are 
revision coded and serialized. Procurement specifica- 
tions bear the same requirements. These positive 
document control procedures, which are common in the 
industry for military and high reliability products, are 
employed by Microchip, system wide. 


in Line Controls And Process Assessment 


Product integrity is assured by samplings and inspec- 
tion plans performed in line. This enables Microchip to 


— control and improve product quality levels as product 


moves through the manufacturing operation. Micro- 
chip's acceptance sampling plans in assembly empha- 
size the attempt to eliminate defective product as it is 
discovered. Acceptance and sampling plans follow MIL- 
STD-883C procedures where applicable. 


To determine whether a process is within normal manu- 
facturing variation, statistical techniques are put to work 
at selected process steps. In-process controls are 
performed by operators in the wafer fabrication and 
assembly operations. Operators take immediate cor- 
rective action if a process step is out of its control limit. 
Through these in-line controls the true capability of a 
process is assured and data to guide continuous im- 
provement is generated. (See Appendix A - Controls) 


Material controls prevent defective piece parts from 
getting into the line. Microchip's assembly material 
control sample plan is typical of the emphasis placed on 
safeguards. (See Appendix B - Material Controls) 


Testing For Margin 


Microchip conducts a product's initial test under strin- 
gent requirements. All quality assurance tests are run to 
tighter limits than customer specifications. As part of an 
out going quality assurance program, most products are 
tested at least two machine tolerances tighter than those 
specified by the customer. Margin testing accounts for 
normal tolerances of any particular test system and 
provides customers with the assurance that Microchip's © 
products meet a customer's specifications. 


DS00047B - 2 
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Variation From Expectation 


Microchip works to make variation from target as small 
as possible. The better process is the one that holds the 
narrowest dispersion. Presently Microchip uses electri- 
cal screens to help eliminate short term failures. The 
long term program of total quality improvement empha- 
sizes continuous improvement. 


Individuals in all departments are encouraged to ana- 
lyze the methods employed at their positions and formu- 
late plans to improve performance. Because acustomer 
could receive part of every mistake, definitive programs 
are continuously formulated at all working levels, de- 


signed to eliminate mistakes and contain error. 
Outgoing Qualit 


Quality Control samples all outgoing product from Micro- 
chip final testing. 


RELIABILITY 


Process Qualification 

No priority is more important than the one where proc- 
esses under which Microchip products are built operate 
without fail. Engineers labor under strict guidelines to 
ensure tests of sample lots are precise and reliable. 
Exacting internal specifications demand every product 
used to qualify a process endure an accelerated life test. 
EPROMs, EEPROMs, and Logic Products are stressed 
beyond normal use limits when undergoing high tem- 
perature reverse bias, operating life, and retention bake 
tests. 


Package Qualification 


Package qualification measures acomponent's ability to 
withstand thermal and mechanical shock, temperature 
cycles and moisture. Stresses applied to products 
exceed normal parts use. All products are stressed to 
high level military or industrial specifications to ensure 
reliability. 


Ongoing Sampling Of Key Reliability 
Variables 


Microchip conducts accelerated mechanical tests, oper- 
ating life tests and memory retention tests to explore the 
many ways failures might occur. Data gleaned from 
continuous testing is used to identify potential reliability 
problems and for defining action courses to improve 
product. Microchip's reliability knowledge is shared with 
customers. This data is available for use in customer's 
own quality and reliability improvement programs. 


rr hn nn ene 
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Quality & Reliabilit 


RELIABILITY CONCEPTS 
Definition 


Reliability is the probability of a system or circuit per- 
forming its predefined function adequately under spe- 
cific conditions for a given period of time. Thus, the 
reliability of a microcircuit is a function of both stress 
conditions and the time of operation. 


The reliability (or probability of survival) range runs from 
0 (no chance of survival) to 1 (no chance of failure). 
Current microelectronic circuits are manufactured and 
controlled to such tight specifications that reliability 
figures for the total operation time approaching 1 (i.e., 
0.9999) are common. As a result, the complement of 
reliability, or the failure probability, is more often quoted 
in current literature. 


The failure rate is the rate at which failures occur on units 
surviving to a specific number of hours of operation. 
Failure rates per unit circuit-hour would generally be 
very small. To avoid reporting such small numbers, 
failure rates have been defined for longer periods of 
- Circuit-hours. One thousand circuit-hours is defined as 
one circuit operating for one thousand hours, or 1,000 
circuits operating for 1 hour, etc. The number of circuit- 
hours is the number of circuits multiplied by the number 
of operation hours for each circuit. | 


Two methods of failure rate statements are commonly 
used: | | 


* Percent failures per thousand circuit-hours, 
(represented as *), or 


* Absolute failures per 109 circuit-hours, or Fits. 


Note that a failure rate of 0.0001%/1000 hours and 1 Fit 
are equivalent numbers. 


B Curve: Failure Rate Over Time 


The generic representational graph of failure rate vs. 
time takes the shape of a bathtub curve. (Figure 1). 


The early failure rate (infant mortality) period starts from 
initial operation (time To) and decreases as time goes 
on. 


Time T1 signifies the end of the infant mortality period. 
The next phase of the curve occurs between time T1 and 
T2. This long period of time is distinguished by a nearly 
constant and very low failure rate. After T2 is passed, the 
failure rate starts to increase slowly. This last phase of 
failure rate vs. time is known as the wear-out period. 
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Temperature Dependenc 


In order to establish failure rates in a reasonable time, it 
is necessary to accelerate by higher environmental 
stress levels, the incidence of the failure modes encoun- 
tered under normal conditions. The accelerating pa- 
rameter most employed is junction temperature, al- 
though voltage and humidity, for example, are also 
used. Higher temperatures are capable of accelerating 
many common failure modes dramatically. 


Arrhenius Equation 


A number of mathematical models were developed to 
quantify the relationship between accelerated failure 
rates and increased junction temperatures. The one 
model most commonly used is known as the Arrhenius 
Equation. It is as follows: 


X aA 
K LTn Ta 


AF = Acceleration Factor (non-dimensional) 


AF = e*, Where: 


e = 2.718281828....(non-dimensional constant) _ 
E, = Activation energy level (electron volts) 


k = Boltzmann's constant = 8.6172754* 10° (elec- 
tron-volts/degree Kelvin) 


T, = Normal junction temperature (degrees Kelvin) 


T, = Accelerated junction temperature (degrees Kel- 
vin) 


Thus, the time to achieve a certain probability of failure 
at time T1 under temperature T,, can be compressed by 
the amount T1 divided by AF at the accelerated tempera- 
ture T,. Note that for true acceleration, the acceleration 
factor AF is independent of the probability of the fail point 
specified. 


FIGURE 1: BATHTUB CURVE 


FAILURE RATE 
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Activation Energy Level 


The dependent variable AF in the Arrhenius Equation is 
a function of several variables. TN and TA are specified 
for the situation under consideration. EA is a function of 
the particular mode of failure, and can be viewed as the 
minimum energy required for a particular failure to occur. 


Activation energy levels in semiconductors generally 
are in the 0.4 - 1.1 electron-volt range. Each failure 
mode that is accelerated has its own activation energy 
level. Some typical examples are: 


FAILURE MECHANISM Ea(eV) 
Oxide/Dielectric Defects 0.3 
Chemical, Galvanic, or Electrolytic 0.3 
Corrosion Silicon Defect 0.5 
Electromigration 0.5 to 0.7 
Unknown 0.7 
Broken Bonds 0.7 
Lifted Die 0.7 
Surface Related Contamination 1.0 
Induced Shifts/ Lifted 

Bonds (Au-A1 Interface) 1.0 
Charge Injection 1.3 
Floating Gate Charge Loss 0.6 
Hot Electron Trapping -.06 
Tunnel Dielectric Breakdown 0.13 


A compromise value of 0.7 electron-volts is often used 
when there are no specific a prior facts relating to the 
failure modes being accelerated. 


There is however, a continous reliability program at 
Microchip structured to validate EA values in use and to 
categorize new failure mechanisms. 


RELIABILITY TESTS 


Operating Life Test 


The Operating Life Test is run under dynamic bias con- 
ditions where inputs are clocked like a typical application 
and outputs are loaded in the same way as a typical ap- 
plication. The test is conducted at high temperature to 
accelerate the failure mechanisms. The normal tem- 
perature for the testis +125°C for 1,000 hours. Readouts 
occur at 24, 168, 500 and 1,000 hours. Early hour 
failures are usually associated with test escapes, manu- 
facturing defects or otherwise marginal material. Longer 
term failures are typically caused by metal migration, 
ionic contamination, and oxide breakdowns. 


High Temperature Reverse Bias (HTRB) 


Microchip employs the High Temperature Reverse Bias 
test on floating gate devices to accelerate any charge 
gain onto the floating gate due to oxide defects and to 
accelerate threshold shifts due to ionic contamination. 
The test is conducted by putting the device into a special 
test mode whereby 7.0 volts is applied to all poly 2 struc- 
tures with all source, drain and substrate held at ground. 
The test is conducted at +150°C and is normally con- 
ducted for 1,000 hours with readouts at 24, 168, 500 and 
1,000 hours. 


Retention Bake 


The Retention Bake Test is performed to accelerate 
data loss on floating gate and SNOS devices. The test 
consists of unbiased baking at elevated temperature. 
Usually the test lasts for 1,000 hours at +150°C. The 
failure mechanism that is accelerated is charge leakage 
from a stored element. 


Endurance Cyclin 


Endurance Cycling establishes the number of times a 
programmable device can be programmed and erased. 
Normally the test is conducted at worse case program- 
ming conditions and is followed by a retention bake. 


Temperature Cycle 


The Temperature Cycle test simulates systems that are 
subject to power up/power down sequences. The testis 
intended to reveal any deficiencies resulting from ther- 
mal expansion mismatch of the die/package structure. 
Normally the test is conducted by cycling between -65°C 
and +150°C in an air ambient. Duration for the test is 
normally 1,000 cycles for plastic and 100 cycles for 
ceramic packages. Endpoint criteria is both electrical 
and mechanical. 
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RELIABILITY TESTS (CONT.) 
Thermal Shock 


The Thermal Shock test is similar to the Temperature 
Cycle test except that the ambient during cycling is 
liquid-to-liquid which simulates rapid environment 
changes. The mechanisms accelerated are identical to 
those in the Temperature Cycle test except that the 
Thermal Shock test is a more accelerated test with tem- 
peratures normally +125°C to -55°C and the number of 
cycles are typically 15. 


Autoclave. 


The autoclave test determines the survivability of de- 
vices in molded plastic packages to a hot, humid envi- 
ronment. The test exposes unbiased, plastic packaged 
devices to saturated steam at 121°C and 15 pounds per 
square inch (one atmosphere) gauge pressure. The 168 
or more hours of testing allows moisture to penetrate to 
the die surface. Chemical corrosion of the die metalliza- 
tion may occur if ionic contaminants are present and the 
die surface protection is deficient or damaged. Charge 
leaks from floating gate devices usually happen before 
a corrosion mechanism develops. 


Temperature Humidity Test 


The Temperature Humidity test determines the surviva- 
bility of devices in molded plastic packages functioning 
in a humid environment. By convention, test conditions 
are 85°C and 85% relative humidity. The parts are 
biased to lend themselves to electrochemical corrosion. 
The duration of the test is usually 1,000 hours or more. 
The test checks the adequacy of the die surface protec- 
tion and the plastic's lack of ionic impurities. The applied 
bias may be 5 volts on alternating pins or set up for mini- 
mum power to reduce internal heating and consequent 
moisture evaporation on the device. Similar to the 
Autoclave test, charge loss on floating gate devices is a 
principle failure mechanism. 


QUALIFICATION CATEGORIES 


Qualification is required for new design, major changes 
in old design, process or material when either wafer 
fabrication or package assembly operations are af- 
fected. Qualification applies to the following changes: 


|. New technology 
ll. Start-up of Fab or Assembly 
Ill. Transfer of fab or assembly to another location 
IV. Major process changes: 
A. Process scaling (shrink conversion) 
B. Change in vendor or material source 
C. New equipment that affects reliability 
V. New die configurations: 
A. New structures 
B. New packaging material 
C. Design rule changes 
D 


Existing package revision (dimensional or 
layout) 


QUALIFICATION PROGRAMS 


Qualifications guarantee new processes and technolo- 
gies are properly evaluated for reliability performance. 
Reliability Monitoring 


Microchip's reliability monitoring program is a compre- 
hensive effort to measure the reliability of all process 
families with strict regularity. The program strives to 
improve performance through failure analysis and cor- 
rective action. Numerous screening procedures are 
used and estimates of product life and expected failure 
rates are provided. 


Typical tests and frequency on each process family 
include: 


A. 168 hour operating life - weekly 
1,000 hour operating life - annually 
Endurance test - weekly 

Data retention test - weekly 
Temperature cycle - weekly 
Temperature humidity - annually 
Long term retention - annually 


TO™m7™mMmoOo®D 


Mechanical tests - annually 
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APPENDIX A - IN-LINE CONTROLS 


CONTROLS - PLASTIC PACKAGE ASSEMBLY 


PROCESS 
STEP 


Die Visual 
Inspection 


Wafer Saw 


Die Attach 
Inspection 


Wire Bond 
Inspection 


Post Wire 
Bond Visual 
Inspect 


Mould Press 
Visual 


Package 
Visual 


Trim & Form 
Visual 


External Final 

Visual 

Inspection 
Run Ticket 
Verification 
Marking 
Legibility 


Package Outline 


Check 


Solderability 


Monitor 


Package Form 


REJECT 
PARAMETER 
LIMITS 


Reject For 
Any Defect 


Report Failure 
Modes 


Machine 
Shut Down 


Report Failure 
Mode 
Machine Shut 
Down 


Reject For 
Any Defect 


Machine 
Shut Down 


Report Defects 
100% Screen 
For Major Defects 


Report Defects 
100% Screen 
For Major Defects 


Major Defects 
100% Screen 


SAMPLE 
PLAN 


5/Shift 
Each 
Machine 


1% AQL 
Each Half 
Shift 


LTPD 
15% 
A=0 


LTPD 
2% 
A=0 
LTPD 
2% 
A=0 


LTPD 2% 
A=0 





FUNCTION 
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CONTROLS - CERAMIC PACKAGE ASSEMBLY 


PROCESS 
STEP 


Die Visual - 
Inspection 


Wafer Saw 
Inspection 


Die Attach 
Inspection 


Wire Bond 
Inspection 


Preseal 
Visual 
Inspection 


Package 
Seal . 
Inspection 


Fine Leak 
Test 


Gross Leak 


Test 


Lead Trim 
Visual 


Package Mark 
Inspection 


Environmental 
Inspection | 


External 
Package 
Visual 
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REJECT 
PARAMETER 


Reject For 
Any Defect 


Machine 
Shut Down 


Machine 
Shut Down 


Report Failure 
Mode 
Machine Shut 
Down 


Reject For 
Any Defect 


Machine 
Shut Down 


Screen 100% 
Screen 100% 
Screen 100% 
Machine 


Shut Down 


Machine 
Shut Dow 


Screen 100% 


SAMPLE 
PLAN 
LIMITS 


1 Slice/ 


Lot 


Visual 


Non-destruct 
Each 2 hrs 


Destruct Each Shift 


1% AQL 
Each Half 
Shift 
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FUNCTION 


883C 
Method 
2009 
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APPENDIX B - MATERIAL CONTROLS 


MATERIAL CONTROLS - PLASTIC PACKAGE ASSEMBLY 


PROCESS REJECT SAMPLE PLAN 
STEP PARAMETER | 
LIMITS 


Lead Frame Reject For Visual LTPD 2% 
Inspection Any Failure A=0 
Functional LTPD 10% 
A=0 


Die Mount Functional 3 Sample Runs 
Epoxy Inspect Test-Reject 
Any Failure 


Gold Wire Reject For 
Inspection Any Defect 


Mould Compound Storage Temp 3 Sample 
Inspection 5°C Runs 
Pellet Weight 
+5 GMS 
Functional Test 
Any Failure 
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MATERIAL CONTROLS - CERAMIC PACKAGE ASSEMBLY 





PROCESS REJECT SAMPLE PLAN FUNCTION 
STEP PARAMETER QC PROD 
LIMITS 


Package Inspection Reject For 
- Mechanical Visual Any Defect 
- Hermeticity | 

- Plating Thickness 

- Bake Visual 


Preform Inspection Reject For 
Any Defect Visual 
Functional 


Bond Wire Inspection Reject For 2 Spools 
Any Defect Per Lot 
| A=0 


Lid Inspection Reject For 
Any Defect Visual 
Functional 
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AVERAGE OUTGOING QUALITY OF PLASTIC 
EPROMS 


Microchip Technology Inc.'s organized data on outgoing 
quality of plastic EPROMs tracks parametric failures such 


Projected 
Eg Actual 


Defectives - PPM 


2088 3Q88 4088 1Q89 2Q89 3089 4089 


Quarter/Year 


as speed, power and device leakage. Its present level has 


reached 200 ppm after programming, with a goal of 100 
ppm. 


As plastic parts have extremely high impact resistance, 
visual/mechanical failure rate is expected to run half the 
expected failure rate of ceramic parts. 


Visual Failure 


Defectives - PPM 


1Q88 2Q88 3Q88 4Q88 1Q89 2Q89 3Q89 4Q89 


Quarter/Year 








OVERVIEW 


Microchip Technology Inc.'s Plastic EPROM products pro- 
vide competitive leadership in quality and reliability, with 
demonstrated performance of less than 170 FITs (Failures 
in Time) operating life. The designed-in reliability of 
Microchip Technology Inc.'s Plastic EPROMs is supported 
by ongoing reliability data monitors. This document pres- 
ents current data for your use - to provide you with results 
you can count on. 


The test descriptions included in this document explain 
Microchip Technology Inc.'s quality and reliability system, 
and the EPROM product data demonstrate its results. 


The customer's quality requirements are Microchip Tech- 
nology Inc.'s top priority: Ongoing customer feedback and 
device performance monitoring drive Microchip Technol- 
ogy Inc.’s manufacturing and design process, leading to 
continuing improvements in the long-term quality and 
reliability of Microchip Technology Inc.'s products. 


PRODUCT SCOPE 


Subject of this Product Reliability Bulletin are the Plastic 
Packages of Microchip Technology Inc.'s EPROM Prod- 
uct Family: 


27C64-XX/YY 64K (8Kx8) CMOS EPROM 

27C128-XX/YY 128K (16Kx8) CMOS EPROM 
27C256-XX/YY 256K (32Kx8) CMOS EPROM 
27C512-XX/YY 512K (64Kx8) CMOS EPROM 


These EPROMs are available in a range of access times 
designated by the XX parameter: 120, 150, 170, 200 and 
250 ns. Available plastic packages are identified by the YY 
parameter: Plastic DIP, PLCC, and SOIC. 


RELIABILITY DATA 


Microchip Technology Inc.'s EPROMs in plastic were pro- 
duced to offer the customer the flexibility of using the 
plastic device as a direct substitution for a Cerdip EPROM 
in one-time-programming applications. Failure Rate Pre- 
dictions/Operating Life data for plastic EPROMs at 125°C 
proves to be equivalent to the data of ceramic EPROMs 
(refer to page 8), opening the way for package substitution 
for cost savings and inventory reduction. 
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_ Plastic EPROM Reliability Bulletin : 
FAILURE RATE CALCULATION 


Extended field life is simulated by using high ambient 
temperature. In the semiconductor technology, high tem- 
peratures dramatically accelerate the mechanisms lead- 
ing to component failure. Using performance results at 
different temperatures, an activation energy is determined 
using the Arrhenius equation. For each type of failure 
mechanism, the activation energy expresses the degree to 
which temperature increases the failure rate. 


The activation energy values determined by Microchip 
Technology Inc. agree closely with those published in the 
literature. For complex CMOS devices in production at 
Microchip Technology Inc., an activation energy of 0.7 eV 
has been shown to be most representative of typical 
failures on operating life, while 0.6 eV is representative of 
charge gain or loss failures. By definition, failure is 
reached when a device no longer meets the data sheet 
specifications as a direct result of the reliability test envi- 
ronment to which it was exposed. Common failure modes 
for CMOS integrated circuits are identified for each test en- 
vironment. 


EPROM products have an early failure rate (infant mortal- 
ity) of less than 0.05% and thus, a production burn-in 
should not be necessary. For all products shown, the early 
and the intermediate failure rates are combined and ex- 
pressed as a single failure rate. 


To establish a field failure rate, the acceleration factor is 
applied to the device operating hours observed at high 
temperature stress and extrapolated to a failure rate at 
55°C ambient temperature in still air. 


The actual failure rate experienced could be considerably 
less than that calculated if lower device temperatures 
occur in the application board, such as would be the case 
if a fan, a heat sink, or air flow by convection is used. 


Environment Typical Failure Mechanism 


Operating Life Process parameter drift/shift 
Metal electromigration 
Internal leakage path , 
Lifted bond/ball bond chip-out 


Temperature Cycle Lifted bond/ball bond chip-out 
Cracked die or surface cracks 
Bond pad corrosion 





Biased-Humidity/ Internal circuit corrosion 
Autoclave =—_snter-pin leakage Charge loss 
High Temp. Bake Charge loss from EPROM cell 





High Temp. Reverse Charge gain to EPROM cell 
Bias _ Parameter drift/shift 
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RELIABILITY CONTROL SYSTEM 


A comprehensive qualification system 
ensures that released products are 
designed, processed, packaged and 
tested to meet both design functional- 
ity and strict reliability objectives. Once 
qualified, a reliability monitor system 


ensures that wafer fabrication and 
assembly process performance is 
stable over time. A set of baseline 
specifications is maintained that states 
which changes require requalification. 
These process changes can only be 


made after successful demonstration 
of reliability performance. This system 
results in reliable field performance, 
while enabling the smooth phase-in of 
improved designs and product capabil- 


ity. 
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RELIABILITY DATA SUMMARY 
INTRODUCTION 


This section provides a reliability summary of Microchip 
Technology Inc.’s plastic EPROMs. Included is plastic 
packaging information and reliability data obtained to date 
for the 27C64, 27C128, 27C256, and 27C512 EPROM 
plastic devices. 


EPROMs have become a viable quick turn solution for 
providing new ROM pattern capability without the typical 
long turn around time associated with mask programmable 
ROMs. The speed capability of EPROMs has also im- 
proved, making them competitive with traditional ROM 
products. 


With this capability, it is possible and practical for the 
customer to keep an inventory of blank EPROMs on hand 
and do custom programming on an as needed basis. 


Units are also available from Microchip Technology Inc. 
utilizing the QTP (Quick Turn Product) approach. Micro- 
chip Technology Inc. will provide pre-programmed EPROM 
units to customers using the customers defined pattern. 
This approach eliminates the traditional delay time in- 
volved in processing a mask programmable ROM. 


PLASTIC PACKAGE CHARACTERISTICS 


Plastic packaging utilized for the EPROM products uses a 
silver filled epoxy adhesive for die attach. Bonding tech- 
nology is gold wire thermosonic bonding. The lead frame 
pedestal and finger tips are silver plated. The epoxy 
molding compound used is a Shinitsu compound KMC- 
140-3 which meets the safety rating requirements of UL 94 
VO 1/8 in/min. External lead finish is electroplated tin lead 
90/10 percent. The package code table below lists the 
plastic packages covered by the reliability data in this 
document. 


As part of an on going product improvement program, 
Microchip Technology Inc. will apply its Quality and Relia- 
bility process in evaluating the latest developments in 
plastic packaging technology, and implement the highest 
reliability materials and assembly techniques. 


PACKAGE CODE 
Package Code 


Package Type | 300 Mil P Dip 


F 


Lead Count: 24 


(A) Available - (F) Future Release Planned 


600 Mil P Dip 





PLASTIC PACKAGE IDENTIFICATION CODES 


Package Description | identification Code — 


Plastic Leadless Chip Carrier 
Plastic Dual In Line (600) 
Plastic Dual In Line (300) 






ELECTRICAL CHARACTERISTICS 


Microchip Tech~.vlogy inc.'s EPROMs packaged in plastic 
are tested to the same electrical characteristics as devices 
assembled in Cerdip packages. This testing covers the full 
commercial range of 0-70°C. Performance characteristics 
are the same as for Cerdip packaging with speeds to 120ns 
available. ; 


QUALITY/RELIABILITY TESTING RESULTS 


Reliability and programming tests were performed on 
EPROM devices in plastic packages. Data from these 
qualification tests are displayed throughout this document. 


PROGRAMMABILITY 


_ Programmability is measured by sample data taken from 


production lots. Devices are programmed with a Diagonal 
FF which exercises 98% of the EPROM ceil array. This 
rigorous patterning combined with Microchip Technology 
Inc.’s FAST programming algorithm greatly enhances the 
ability to meet specific customer applications. Large 
volume beta site programming results for plastic EPROMs 
indicate an expected yield of 98.7% using Fast Mode 
programming under normal production conditions. This 
means customer programming, using a recommended 
Express programming algorithm, should be higher than 
99% on the smaller EPROM arrays. 


PROGRAMMABILITY DATA (12 months period) 


Time No. of No. of Non-Pro- | Fraction 
Period | Sample Units | grammable Units| Defective 
1989 10019 258 .026 


Note: Derated to typical customer programming, the 
defective fraction should be 0.009 





pe satwing 
J Lead PLCC 300 mil body SOIC 


F a 
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HIGH TEMPERATURE (125°C) DYNAMIC LIFE TEST 


High temperature dynamic life testing accelerates random Voltage bias and address signals are used to exercise the 
failure modes which would occur in a users application. device in a manner similar to the users system. 


800 


125° Operating Life Data- 
derated to 55°C 


Hours 


8 
> 
® 
QO 


| 


355392 


Failure Rate - FITs 
304564 


200 





1087 2Q87 3087 4087 1Q88 2088 3088 4Q88 1089 2089 3089 


Quarter/Year 


HIGH TEMPERATURE REVERSE BIAS (150°C/7 Volts) 


Microchip Technology Inc.'s EPROMs are designed for en- times is gained from the 7V level based on experimental 
hanced reliability by having a special test mode which data. This is calculated into the failure rates below. Fail- 
allows all gates on the array to be simultaneously placed ures which will be detected with this type of stress are: pin 
at a high voltage stress level in reference to the rest of the holes in the oxide, thin oxide layers, and charge gain 
circuitry. This test is used to create a high voltage stress failures. 

on the memory oxide. An additional acceleration of three | 








800 
150°C HTRB 
derated to 55°C 
600 
2 
i 5 
: £ 
= 400 g 
> 
oc a 
® 
den 
= 
— Oo 
i 200 o 
© 
faN} 
~- 3087 4Q87 1Q88 2Q88 3Q88 4Q88 1H89_ 3Q89 
. Quarter/Year 
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MOISTURE RESISTANCE TESTING 


Moisture resistance evaluation of Microchip Technology 
Inc. plastic EPROMs includes both autoclave testing (121°C, 
15 PSI) and temperature humidity testing (85°C/ 85% rela- 
tive humidity with bias). Moisture resistance could not be 
obtained by the industry standard so a layered passivation 
utilizing an Oxy-Nitride film to provide a moisture block 
while allowing unblocked UV transmission is used. 


The autoclave accelerates any moisture penetration through 
the plastic package material or around the metal leadframe 


AUTOCLAVE (121°C/15 PSI) 


Plastic EPROM Reliability Bulletin 


and plastic to leadframe interface. The objective of this 
testing is to accelerate failure of the device as a result of 
any moisture contamination on the surface of the die. 
Failure mechanisms such as passivation defects (pin- 
holes, cracking, lifting), corrosion of bondpads or surface 
metal through passivation defects, leakage and surface 
contamination as well as charge loss failures may be 
identified. The predominant failure mechanism for EPROMs 
is data loss. 


| Product Failures/Sample Size 


27C256/L 
27C64/P 


270128/P 

27C256/P 

27C512/P 

27Cxxx/X (discounted 
for charge loss) 


HUMIDITY BIAS - 85°C/85%RH 


Temperature humidity testing is utilized to accelerate 
failures through electrolytic corrosion. This is accom- 
plished by subjecting devices to a high temperature and 
high humidity atmosphere with bias applied to the device. 
The combination of moisture penetration through the plas- 


20 
n 
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ae 
~ 
3 
® 10 
whe’ 
c 
Cc 
@ 
Bae 
2 
‘S 
LL. 


1Q87 2Q87 - 3087 4087 








1Q88 


1/766" 
1/766" 
2/443' 
3/449' 
9/720' 
0/2758 


'- Failures due to charge loss on EPROM cell 


tic package and interaction of the moisture with any con- 
taminates on the surface of the device and the applied - 
voltage to the unit, will result in electrolytic corrosion and 
failure of the device. 


85°C/85% RH Bias Test 


aie , a 
2088 3088 4088 1H89 3089 


Quarter/Year 
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DATA RETENTION BAKE 


Data storage in EPROMs is done by developing a This added screen for detecting infant mortality charge 
charge on the floating gate structure in the memory cell. loss allows Microchip Technology Inc.'s plastic product to 
Charge loss in this cell structure results in loss of data. duplicate the excellent data retention characteristics of the 
In order to detect this type of failure, devices are sub- ceramic EPROM packages. 


jected to a 150°C bake. This bake accelerates charge 
loss in the memory cell. 





800 
150°C Retention Bake 
derated to 55°C 
600 
” 
= 
u. e 
bam J 
' (o) 
w = 
®@ 400 8 
cc a 
@ QO 
} = 
2 
= . 
u. 200 & 
wo 
(op) 
0 = oy se 
1Q87 2087 3087 4087 1088 2088 3088 4088 1H89 3089 
Quarter/Year 


TEMPERATURE CYCLING (-65°C TO +150°C) Failures/ Sample Size 

This stress is used to evaluate the mechanical integrity of 100 Cyel | 500 Cycles _| 
the plastic package and the assembly process. Tempera- vce 

ture cycling consists of cycling the devices between -65°C 27C64/L 


and +150°C atthe rate of 4 cycles per hour. This stress will 27C256/L 


identify failure mechanisms such as plastic package crack- 27C64/P 
27C256/P 


ing, die attach problems, and wire bonds lifting. 


THERMAL SHOCK (-55°C TO + 125°C) Failures/ Sample Size 


This stress is used to evaluate the mechanical integrity of 
the plastic package. It consists of rapid immersion of 


devices into liquids of -55°C and +125°C respectively. 27C64/P 


27C256/L 
27C256/P 
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PRODUCT RELIABILITY DATA 


1988/89 FAILURE RATES AT 60% CONFIDENCE 


Reliability Test | Product _ Failures/Sample Size at 
24Hrs 168Hrs 500Hrs 1000 Hrs FITs 
125°C Operating Life 27C64 0/871 2/871 0/198 0/45 170 
270128 3/393 1/390 0/216 0/172 301 
27C256 2/1243 = 2/1241 2/882 0/880 100 
270512 4/954 1/949 0/948 0/948 85 
150°C HTRB 27C64 1/749 1/748 2/154 0/0 84 
270128 3/225 0/222 0/45 0/45 157 
27C256 1/902 3/901 1/586 0/585 27 
270512 2/411 4/409 2/405 0/284 77 
150°C Retention Bake 27C64 1/1074 0/1073 0/813 0/813 9 
270128 0/1562 0/1562 0/1562 0/1562 4 
27C256 1/1670 2/1669 1/1509 0/1508 29 
270512 2/477 2/475 0/397 0/397 108 
Failure Modes | Operating Life: (5) Metal Migration, (10) Oxide Breakdown, (2) Poly Shorts 


HT Reverse Bias: (12) Oxide Breakdown, (8) Charge Gain 
Retention Bake: (9) Charge Loss 
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SECTION 8 
PACKAGING 
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Commercial/Industrial Outlines and Parameters 





COMMERCIAL AND INDUSTRIAL PARTS 


Part Number Suffix Designations: 


XXXXXXXXXXK - XX X/XX XXX 


L ROM Code or Special Requirements 


Case Outline 

P = Plastic Dual In-Line 

J = Cerdip (with window if EPROM) - all product except Microcontrollers 
D = Ceramic Side Brazed Dual In-Line 

L = PLCC (Plastic Leaded Chip Carrier) 

W = Die in Wafer Form 

S = Die in Waffle Pack 

K = LCC (Ceramic Leadless Chip Carrier, not thermally enhanced) 
SP = Skinny Plastic Dual In-Line 

SJ = Skinny Cerdip 

SN = Small Outline Narrow Plastic Gull Wing (150 mil Body) 

SM = Small Outline Medium Plastic Gull Wing (207 mil Body) 

SO = Small Outline Wide Plastic Gull Wing (300 mil Body) 

CB = COB (Chip-On-Board) 

IC = IC Card 

JW = Cerdip, windowed - for Microcontrollers only 


Process Temperature 


Blank = 0°C to +70°C 

| = -40°C to +85°C 

H = -40°C to +110°C 

E = -40°C to +125°C 

Speed Frequency Crystal Designation 
(EPROM /High (DSP) (PIC) 
Density EEPROM) 

-35 = 35ns Blank = 20.5MHz LP = 4us 
-40 = 40ns 14 =144MHzZz RC= 1us 
-45 = 45ns -25 = 25.6MHz XT = ius 
-55 = 55ns -32 = 382.8MHz HS= 200ns 
-70 = 70ns 

-90 = 90 ns 

-10 = 100ns 

-12 = 120 ns 

-15 = 150 ns 

-17 = 170ns 

-20 = 200ns 

-25 = 250 ns 


Device Type (Up To 10 Digits) 





rn a nrc nner etme teeter tr tn LSE SN SATS 


© 1990 Microchip Technology Inc. DS00049A 








‘Microchip 
Pesan a mS ed SONIA Bi SRLS ar ON A OTS AF Acc NR ae ak a Na Pe a he BI ia ae ON TEED ER ROC aN NS ea Fug EEA AG SE eae SNe a AN ee ee ae ie, ES ee eT 


eer tennant ean EA it nh ert tn Ne itt 


DS00049A | 8-2 © 1990 Microchip Technoiogy inc. 





@ 


ee PACKAGING 








TABLE OF CONTENTS 


SECTION 1: HERMETIC 


A. Ceramic Side Brazed Dual In-line Package ("D" Case Outlines) 


Symbol List for Side Brazed Package Parameters .............ccsscccecesssseeeeeecesseesessseneeeeesesssaeeeetes 8-1-1 
Bead Side Biazed, SOO MIN x. cdee ssssarcccennaasenedassctsccvssywuwdanunee eaels cvydwsdeadsesugeos Guieceaceraanesmnets 8-1-2 
14-Lead. Side Brazed: S00: Mall uses ccecsceecvixs esc adetcandcesnis et oes tebdeeas xaenetesc ned tauseiweasoteaeeareancoess 8-1-3 
16-Lead, Side Brazed, SOO Ill ss secs vecaccicewsiirersvncnoenceaisasdstinntodecapusecentacdavinieadadddvasersastessachades 8-1-4 
18-kead Side Brazed; SOO Mm x2. sics.aucessasseatscaseastohteoanaed ieresausieossinnss ndageucttebea dundussushaleledoidessavsdiats 8-1-5 
20-Lead Side Brazed {S00 Alister ca loe ui leat creas tian secu iam cele alee 8-1-6 
22-|:ead: Side Brazed: 400 Mall isis: dcsccicesiscsesrwaectecdsekevecscdcserssbace2i acetic cwadessiaceascaetivssuanicenieedeass 8-1-7 
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Ceramic Side Brazed Dual In-line Family 


Symbol List for Ceramic Side Brazed Dual In-line Package Parameters 


Es 


Distance from true position center line of No. 1 lead to the extremity of the body 
Distance from other end lead edge positions to the extremity of the body 


Notes: 

1. Controlling parameter: inches. 

2. Parameter "e," ("e") is non-cumulative. 

3. Seating plane (standoff) is defined by board hole size. 
4, Parameter "B," is nominal. 
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Package Type: 8-Lead Ceramic Side Brazed Dual In-line (.300 mil) 
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Package Type: 14-Lead Ceramic Side Brazed Dual In-line (.300 mil) 
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Package Group: Ceramic Side Brazed Dual In-line (CER) 
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Package Type: 16-Lead Ceramic Side Brazed Dual In-line (.300 mil) 
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Package Group: Ceramic Side Brazed Dual In-line (CER) 
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Package Type: 18-Lead Ceramic Side Brazed Dual In-line (.300 mil) 
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Package Group: Ceramic Side Brazed Dual In-line (CER) 
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Packaging Diagrams and Parameters 





Package Type: 20-Lead Ceramic Side Brazed Dual In-line (.300 mil) 
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Package Group: Ceramic Side Brazed Dual In-line (CER) 
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Package Type: 22-Lead Ceramic Side Brazed Dual In-line (.400 mil) 
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Package Group: Ceramic Side Brazed Dual In-line (CER) 
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Package Type: 24-Lead Ceramic Side Brazed Dual In-line (.600 mil) 


Pin No. 1 
Indicator 
Area 








Package Group: Ceramic Side Brazed Dual In-line (CER) 
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Package Type: 24-Lead Ceramic Side Brazed Dual In-line with Window (.600 mil) 
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Package Group: Ceramic Side Brazed Dual In-line (CER) 
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Package Type: 28-Lead Ceramic Side Brazed Dual In-line (.600 mil) 


N 


Pin No. 1 
Indicator 
Area 























Package Group: Ceramic Side Brazed Dual In-line (CER) 


Millimeters _ 


ll 





0° 
0.120 0.160 
0.040 0.060 
0.080 0.115 — 





| A | 804g | 4.064 | 
ee ae 


—b, 
oO 
° 








ce 


1.270 1.270 Typical 0.050 0.050 Typical 
Typical 


ae 


1.414 - 


0.598 


| C | 0.2286 | 0.3048 Typical 0.009 | 0.012 
a ae 35.9156 


A 
Al 
A2 
A3 
B 
Bi 
C 
35.2044 1.386 
D1 Reference 1.292 
=] va 986 16.000 
14.7828 0.582 
2.4892 Typical 0.098 | 0.102 


| ea | 14.986 | 15.494 0590 | 0.610 


CA . 
eB 14.986 16.256 0.590 0.640 — 
| L 3.302 4.064 
S 






Typical 
Reference 


0.130 0.160 
| og | 28 
ae ee 


28 
[mes [= 








DS00049A | 8-1-10 _ © 1990 Microchip Technology Inc. 





Microchip 





Packaging Diagrams and Parameters 





Package Type: 28-Lead Ceramic Side Brazed Dual In-line with Window (.600 mil) 
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Package Group: Ceramic Side Brazed Dual In-line (CER) 
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Package Type: 40-Lead Ceramic Side Brazed Dual In-line (.600 mil) | 
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Package Group: Ceramic Side Brazed Dual In-line (CER) 
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Package Type: 40-Lead Ceramic Side Brazed Dual In-line with Window (.600 mil) 
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Packaging Diagrams and Parameters 


Package Type: 48-Lead Ceramic Side Brazed Dual In-line (.600 mil) - 
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Packaging Diagrams and Parameters 





Ceramic Cerdip Dual In-line Family 


Symbol List for Ceramic Cerdip Dual In-line Package Parameters 


Symbol 


Width of terminal leads 


A 
At 
A2 


A 


wo 


Bi Width of terminal lead shoulder which locate seating plane (standoff geometry optional) 
Thickness of terminal leads 





Largest overall package parameter of length 








D1 Body length parameter - end lead center to end lead center 
Largest overall package width parameter outside of lead 
Body width parameters not including leads 


mn 


@ 


Linear spacing of true minimum lead position center line to center line 
Linear spacing between true lead position outside of lead to outside of lead 


m 


Linear spacing between center lines of body standoffs (terminal leads 
Distance from seating plane to end of lead 


Total number of potentially useable lead positions 


Distance from true position center line of No. 1 lead to the extremity of the body 


Y 


Distance from other end lead edge positions to the extremity of the body 


Notes: 

1. Controlling parameter: inches. 

2. Parameter "e," ("e") is non-cumulative. 

3. Seating plane (standoff) is defined by board hole size. 
4, Parameter "B," is nominal. 





| 
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Package Type: 8-Lead Cerdip Dual In-line (.300 mil) 
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Package Group: Ceramic Cerdip Dual In-line (CDP) 
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Packaging Diagrams and Parameters 





Package Type: 16-Lead Ceramic Cerdip Dual In-line (.300 mil) 
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Package Group: Ceramic Cerdip Dual In-line (CDP) 
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Package Type: 18-Lead Ceramic Cerdip Dual In-line (.300 mil) 
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Package Group: Ceramic Cerdip Dual In-line (CDP) 
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Packaging Diagrams and Parameters 


Package Type: 18-Lead Cerdip Dual In-line with Window (.300 mil) 
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Packaging Diagrams and Parameters 





Package Type: 20-Lead Ceramic Dual In-line (.300 mil) | 
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Package Group: Ceramic Cerdip Dual In-line (CDP) 
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Package Type: 22-Lead Ceramic Cerdip Dual In-line (.400 mil) 
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Package Group: Ceramic Cerdip Dual In-line (CDP) 
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Package Type: 24-Lead Ceramic Cerdip Dual In-line (.300 mil) 
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Package Type: 24-Lead Ceramic Cerdip Dual In-line with Window (.300 mil) 
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Package Group: Ceramic Cerdip Dual In-line (CDP) 
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Package Type: 24-Lead Ceramic Cerdip Dual In-line (.600 mil) 
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Package Group: Ceramic Cerdip Dual In-line (CDP 
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Package Type: 24-Lead Ceramic Cerdip Dual In-line with Window (.600 mil) 
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Package Group: Ceramic Cerdip Dual In-line (CDP) 
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Package Type: 28-Lead Ceramic Cerdip Dual In-line (.600 mil) 
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Package Type: 28-Lead Ceramic Cerdip Dual In-line with Window (.600 mil) 
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Package Group: Ceramic Cerdip Dual In-line (CDP) 
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Package Type: 40-Lead Ceramic Cerdip Dual In-line (.600 mil) 
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_Package Group: Ceramic Cerdip Dual In-line (CDP) 
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Package Type: 40-Lead Ceramic Cerdip Dual In-line with Window (.600 mil) 
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Package Group: Ceramic Cerdip Dual In-line (CDP) 
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Ceramic Flatpack Family 


Symbol List for Ceramic Flatpack Package Parameters | 


Symbol Description of Parameters 
Distance between seating plane to highest point of body (lid) 
Width of terminal leads | 

Thickness of terminal leads 

Largest overall package parameter of length 


O 


Body length parameter - end lead center to end lead center 

Largest overall package width parameter outside of lead 

E2, E3 Body width parameters not including leads 

Linear spacing between center lines of body standoffs (terminal leads) 

Other package width parameter 

Distance from package body to end of lead 

Total number of potentially useable lead positions 

Distance between seating plane and lead 

Distance from true position center line of No. 1 lead to the extremity of the body 


| 
| w Zirit mi ‘@) > 


A 


Distance from other end lead edge positions to the extremity of the body 


Notes: 

1. Controlling parameter: inches. 

2. Parameter "e1" ("e") is non-cumulative. 

3. Seating plane (standoff) is defined by board hole size. 
4. Parameters "B" and "C" are nominal. 


rr A nS rt A 
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Package Type: 28-Lead Ceramic Flatpack 
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Package Group: Ceramic Flatpack (CFPK) 


Inches 


Max Notes 
0.090 0.130 
0.015 0.019 Typical 


0.003 0.006 Typical 


0.700 0.740 
0.642 0.658 | Reference 
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Ceramic Leadless Chip Carrier Family 


Symbol List for Ceramic Leadless Chip Carrier Package Parameters 


Symbol Description of Parameters . 
A Thickness of base body 






















At Total package height 
A2 Distance from base body to highest point of body (lid) 
B Width of terminal lead pin | 

















| D__| Largest overall package dimension oflength 
Di, E1 Body length dimension - end lead center to end lead center 
E Largest overall package dimension of width 
e Linear spacing 
e1 Linear spacing between edges of true lead positions (of corner terminal lead pads) 


lead corner to lead corner | 





Depth of major index feature 
Width of minor index feature 





rf 





Distance from package edge to end of effective pad 
Total number of potentially useable lead positions 





Notes: | 

1. Controlling dimension: inches. 

2. Dimension "e," ("e") is non-cumulative. 

3. Seating plane (standoff) is defined by PC board hole size. 
4. Dimension "B" is nominal. 

5. Corner configuration optional. 
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Package Type: 28-Lead Ceramic Leadless Chip Carrier 


Pin No. 1 Indicator 
(size and type of 
indicator may vary) 
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Package Group: Ceramic Leadless Chip Carrier (LCC) 
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Package Type: 28-Lead Ceramic Leadless Chip Carrier with Window 
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Package Type: 32-Lead Ceramic Leadless Chip Carrier 


Pin No. 1 indicator 
(size and type of 
indicator may vary) 
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Packaging Diagrams and Parameters 





Package Type: 32-Lead Ceramic Leadless Chip Carrier - FRIT 
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_ Package Group: Ceramic Leadless Chip Carrier (LCC) 
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Package Type: 32-Lead Ceramic Leadless Chip Carrier with Window 


Pin No. 1 Indicator 
(size and type of 
indicator may vary) 
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Package Type: 32-Lead Ceramic Leadless Chip Carrier with FRIT Window 
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Package Type: 44-Lead Ceramic Leadless Chip Carrier 


Pin No. 1 Indicator 
(size and type of 
indicator may vary) 


j x 45° 
Index Corner 









Package Group: Ceramic Leadless Chip Carrier (LCC) 
Symbol | Min | Max | Notes | Notes 
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Packaging Diagrams and Dimensions 





Plastic Dual In-line Family 





Symbol List for Plastic Dual In-line Package Parameters 


Symbol Description of Parameters 





Angular spacing between min and max lead positions measured at the guage plane 





Distance between seating plane to highest point of bod 





Distance between seating plane and base plane 


Width of terminal leads 


Distance from other end lead edge positions to the extremity of the body 













Notes: 

1. Controlling parameter: inches. 

2. Parameter "e," ("e") is non-cumulative. 

3. Seating plane (standoff) is defined by board hole size. 
4. Parameter "B," is nominal. 

5. Details of pin No. 1 identifier are optional. 
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Package Type: 14-Lead Plastic Dual In-line (.300 mil) 
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Packaging Diagrams and Dimensions 





Package Type: 16-Lead Plastic Dual In-line (.300 mil) 
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Package Type: 18-Lead Plastic Dual In-line (.300 mil) 
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Package Type: 20-Lead Plastic Dual In-line (.300 mil) 


N 
‘ane Te ee ee ee eee ee es ee 









Base 

Plane * 
ere 

Seating -——> — 

Plane 


z | | 
B = — , | | 
o> 
Package Group: Plastic Dual In-line (PLA) 


_ Millimeters inches 
Symbol ae 
10° 
0.160 
0.015 


0.120 


4.064 
0.014 0.022 


ar | coset |= 
A2 3.048 3.810 

0.060 0.060 
0.008 


0.355 | 0.558 
<p 0.980 
0.900 


D 24.892 
Di 22.86 Reference — 

E 8.255, 0.300 
0.240 0.280 


| E1 6.096 7.112 
| e1 2.489 2.591 Typical 0.098 0.102 Typical 


CA 7.620 Reference 0.300 Reference 
ep 0.310 | 0.390 
L 3.556 | 0.120 0.140 


s__| oso | - 


S1 | 0.127 


“rp . 
i 


© 
ro) 
th 
on 








NO 
© 
NO 
>) 


0.035 
0.005 





DSO0049A 7 8-2-6 © 1990 Microchip Technology Inc. 











... Zio 
Microchip 





Packaging Diagrams and Dimensions 





Package Type: 22-Lead Plastic Dual In-line (.400 mil) 
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Package Group: Plastic Dual In-line (PLA) 
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Package Type: 24-Lead Plastic Dual In-line (.600 mil) 
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Package Group: Plastic Dual In-line (PLA 
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Package Type: 24-Lead Plastic Dual In-line (.300 mil) 
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Package Type: 28-Lead Dual In-line Plastic (.600 mil) 
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Package Type: 40-Lead Plastic Dual In-line (.600 mil) 
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Package Type: 48-Lead Plastic Dual In-line (.600 mil) 
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Plastic Leaded Chip Carrier Family 


Symbol List for Plastic Leaded Chip Carrier Package Parameters 


Total number of leads on long side (rectangular) 













Notes: 
All dimensions and tolerances conform to ANSI /\ Location to datums|-A-landLB-Ito be 
Y14.5M-1982. determined at plane[-H-]. 
Datum plane[-HJlocated at top of mold parting Ad Ady All dimensions and tolerances include lead 
line and coincident with top of lead. Where lead trim offset and lead finish. 


exits plastic body. A\ These two dimensions determine maxi- 
Datums[D=Eland E=G to beideisinined where mum angle of the lead for certain socket 


. applications. If unit is intended to be 
center leads exit plastic body at datum plane[-H4. nae di ie daviGAbIGAn teviow those 


To be determined at seating ol anel-C4 dimensions with the socket supplier. 


| a oe Ad Controlling dimension: inches. 
Transition is optional. 


aN Sum of dam bar protrusions to be 0.17 


SESS & & - 


Plastic body details between leads are optional. (.007) max per lead. 
Dimensions D1 and E1 do not include mold A Feature is not required, but is optional at 
protrusion. Allowable mold protrusion is .254 manufacturer's discretion. 


mm/.010 in. per side. Dimensions D and E 
include mold mismatch and are dtermined at 
parting line. 


[> 


Square: Details of pin 1 identifier are optional but 
must be located within one of the two zones 
indicated. 

Rectangle: Details of pin 1 identifier are optional 
but must be located within zone indicated. If the 
number of terminals on a side is odd, terminal 1 
is the center terminal. 
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Package Type: 20-Lead Plastic Leaded Chip Carrier (Square) 
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Package Type: 28-Lead Plastic Leaded Chip Carrier (Square) 
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Package Type: 32-Lead Plastic Leaded Chip Carrier (Rectangle) 
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Package Group: Plastic Leaded Chip 
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Package Type: 44-Lead Plastic Leaded Chip Carrier (Square) 
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Package Group: Plastic Leaded Chip Carrier (PLCC) 
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Plastic Small Outline Family 


Symbol List for Smail Outline Package Parameters 
Symbol | Description of Parameters | 


Sa Angular spaciing between min and max lead positions measured at the guage plane 
__Distance between seating plane to highest point of bod | 


Distance between seating plane and base plane 


B Width of terminals 

C Thickness of terminals _ 
E 

H 











Largest overall package width parameter not including leads 


CP Seating plane coplanarity | 


Notes: 

1. Controlling parameter: inches. 

2. All packages are gull wing lead form. 

3. "D" and "E" are reference datums and do not include mold flash or protrusions. Mold flash or 
protrusions shall not exceed .15 mm (.0086 inches). 

4. The chamfer on the body is optional. If it is not present, a visual index feature must be located 
within the crosshatched area to indicate pin 1 position. 

5. Terminal numbers are shown for reference. 
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Package Type: 8-Lead Plastic Surface Mount (SOIC - Narrow, 150 mil Body) 
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Package Type: 8-Lead Plastic Surface Mount (SOIC - Medium, 200 mil Body) | 
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Package Group: Plastic SOIC (SM) 
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Package Type: 14-Lead Plastic Surface Mount (SOIC - Narrow, 150 mil Body) 
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Packaging Diagrams and Parameters 





Package Type: 14-Lead Plastic Surface Mount (SOIC - Wide. 300 mil Body) 
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Packaging Diagrams and Parameters 





Package Type: 16-Lead Plastic Surface Mount (SOIC - Narrow, 150 mil Body) 
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Packaging Diagrams and Parameters 





Package Type: 16-Lead Plastic Surface Mount (SOIC - Wide, 300 mil Body) | 
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Packaging Diagrams and Parameters 





Package Type: 18-Lead Plastic Surface Mount (SOIC - Wide, 300 mil Body) 
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Package Type: 20-Lead Plastic Surface Mount (SOIC - Wide, 300 mil Body) 
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Packaging Diagrams and Parameters 





Package Type: 24-Lead Plastic Surface Mount (SOIC - Wide, 300 mil Body) 
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Package Group: Plastic SOIC (SO) 
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Packaging Diagrams and Parameters 








Package Type: 28-Lead Plastic Surface Mount (SOIC - Wide, 300 mil Body) 
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Field Offices ___________Factory Representatives 


CANADA 


British | i 
Enerlec Sales, Ltd. 

3671 Viking Way #7 
Richmond, B.C. V6V 1W1 
Tel: 604 273 0882 

Fax: 604 273 0884 


Ontario 


Dynasty Components, Inc. 
6295 Northam Drive, Unit 1 
Missisauga, Ont. L4V 1W8 
Tel: 416 672 5977 
Fax: 416 672 6252 


Dynasty Components, Inc. 
174 Colonnade Road - Unit 21 
Nepean, Ontario K2E 7J5 
Tel: 613 723 0725 

Fax: 613 723 8820 


Quebec 


Dynasty Components, Inc. 
1870 Blvd. des Sources, # 304 
Pointe Claire, P.Q. H9R 5N4 
Tel: 514 694 0275 

Fax: 514 694 6826 


SOUTH AMERICA 


Brazil 


Hitech Commercial & Industrial 
Av. Eng. Luiz Carlos Berrini 801 
Conj. 111/121 - CEP: 04571 
Brooklin, Sao Paulo 

Tel: 011 531 9355 

Fax: 011 240 2650 

Telex: 11 53288 


USA 


Alabama 


Electramark, Inc. 

4950 Corporate Dr., Suite 130L 
Huntsville, AL 35805 

Tel: 205 830 4400 

Fax: 205 830 4406 


Arizona 


Western High Tech Marketing, Inc. 
9414 E. San Salvador 

Scottsdale, AZ 85258 

Tel: 602 860 2702 

Fax: 602 860 2712 


Arkansas 


Comptech Sales, Inc. 

9810 E. 42nd Street, Suite 219 
Tulsa, OK 74146 

Tel: 918 622 7744 

Fax: 918 660 0340 


California 


QuadRep Southern | 

28720 Roadside Dr. - Suite 227 
Agoura, CA 91301 

Tel: 818 597 0222 

Fax: 818 597 1116 


QuadRep Southern 

4 Jenner Street, Suite 120 
Irvine, CA 92718 

Tel: 714 727 4222 

Fax: 714 727 4033 


QuadRep Southern 

7585 Ronson Road, Suite 100 
San Diego, CA 92111 

Tel: 619 560 8330 

Fax: 619 560 9156 


QuadRep, Inc. 

2713 North First Street 
San Jose, CA 95134 
Tel: 408 432 3300 
Fax: 408 432 3428 


Colorado 


Western Region Marketing 
9176 Marshall Place 
Westminster, CO 80030 
Tel: 303 428 8088 

Fax: 303 426 8585 — 
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Connecticut 


VISTAssociates, Inc. 
2505 Main Street 
Stratford, CT 06497 — 
Tel: 203 375 5456 
Fax: 203 375 6907 


Delaware 


Tritek Sales 

21 E. Euclid Avenue 
Haddonfield, NJ 08033 
Tel: 609 429 1551 

Fax: 609 429 4915 


District of Columbia 


Parogem, Inc. 

3201 Harness Creek Road 
Annapolis, MD 21403 

Tel: 301 269 1898 7 
Fax: 301 974 8170 . 


Florida 


Electramark, Inc. . | 
401 Whooping Loop, Suite 156 
Altamonte Springs, FL 32701 - 
Tel: 407 830 0844 
Fax: 407 830 0847 


Electramark, Inc. : 
1700 N Dixie Hwy - Suite 126 
Boca Raton, FL 33432 

Tel: 407 392 1763 

Fax: 407 392 7188 


Electramark, Inc. 
6105E Memorial Hwy 
Tampa, FL 33615 
Tel: 813 889 7775 
Fax: 813 889 7772 


Georgia 
Electramark, Inc. 
6030H Unity Drive 
Norcross, GA 30071 
Tel: 404 446 7915 
Fax: 404 263 6389 


Idaho 


QR/Crown, Inc. 

1111 South Orchard, Suite 112 
Boise, 1D 83702 

Tel: 208 344 9588 

Fax: 208 344 9550 


Factor 1 Re resentatives 


illinois 


Janus Incorporated 
650 E. Devon Ave. 
Itasca, IL 60143 © 
Tel: 708 250 9650 
Fax: 708 250 8761 


SPS Associates, Ltd. 
3301 Rider Trail South 
Earth City, MO 63045 
Tel: 314 291 0520 
Fax: 314 291 7138 


Indiana 


Electro Reps, Inc. 

407 Airport North Office Park 
Fort Wayne, IN 46825 

Tel: 219 489 8205 

Fax: 219 484 2897 


Electro Reps, Inc. 

7240 Shadeland Station #275 
Indianapolis, IN 46256 

Tel: 317 842 7202 

Fax: 317 841 0230 


lowa 


SPS Associates, Ltd. 

119 - 19th Street, Suite 102 
West Des Moines, IA 50265 
Tel: 515 225 0607 

Fax: 515 225 8713 

Telex: TWX:910 380 


Kansas 


SPS Associates, Ltd. 
300 A. Clairborne 
Olathe, KS 66062 
Tel: 913 764 4460 
Fax: 913 764 6161 


SPS Associates, Ltd. 
501 Lancaster Dr. 
Wichita, KS 67230 
Tel: 316 733 4415 
Fax: 316 733 5218 


Field Offices 


Kentucky 


— Electro Reps, Inc. 


7240 Shadeland Station #275 
Indianapolis, IN 46256 

Tel: 317 842 7202 

Fax: 317 841 0230 


JMK Electronics 
7921 Euclid Rd., Suite B 
Cincinnati, OH 45243 
Tel: 513 271 3860. 

Fax: 513 271 6321 


Louisiana 

Comptech Sales, Inc. 
15415 Katy Fwy., Suite 102 
Houston, TX 77094 

Tel: 713 492 0005 

Fax: 713 492 6116 


Comptech Sales, Inc. 
2401 Gateway Dr., Suite 114 
Irving, TX 75063 


Tel: 214 751 1181 


Fax: 214 550 8113 


Maine 
VISTAssociates, Inc. 
237 Cedar Hill Street 
Marlborough, MA 01752 
Tel: 508 481 9277 

Fax: 508 460 1869 
Telex: 710-380-0466 


Maryland 


Parogem, Inc. 

3201 Harness Creek Road 
Annapolis, MD 21403 

Tel: 301 269 1898 

Fax: 301 974 8170 


Massachusetts 


ViSTAssociates, Inc. 
237 Cedar Hill Street 
Marlborough, MA 01752 
Tel: 508 481 9277 

Fax: 508 460 1869 
Telex: 710-380-0466 


Michigan 

J.L.Montgomery Associates, Inc. 
34405 W. 12 Mile Rd., Suite 149 
Farmington Hills, Ml 48333-2726 
Tel: 313 489 0099 : 

Fax: 313 489 0189 
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Field Offices __ Factory Representatives 


Minnesota 


Comprehensive Technical Sales, 
Inc. 

6525 City West Parkway 

Eden Prairie, MN 55344 

Tel: 612 941 7181 

Fax: 612 941 4322 


Mississippi 

Electramark, Inc. 

4950 Corporate Dr., Suite 130L 
Huntsville, AL 35805 


Tel: 205 830 4400 
Fax: 205 830 4406 


Mi ri 

SPS Associates, Ltd. 
3301 Rider Trail South 
Earth City, MO 63045 


Tel: 314 291 0520 
Fax: 314 291 7138 


Montana 


QR/Crown, Inc. 

1111 South Orchard, Suite 112 
Boise, ID 83702 

Tel: 208 344 9588 

Fax: 208 344 9550 


Nebraska 


SPS Associates, Ltd. 
21930 Locust Street 
Panama, NE 68419 
Tel: 402 788 2536 
Fax: 402 788 2537 


Nevada 


QuadRep, Inc. 

2713 North First Street 
San Jose, CA 95134 
Tel: 408 432 3300 
Fax: 408 432 3428 


Western High Tech Marketing, Inc. 


9414 E. San Salvador 
Scottsdale, AZ 85258 
Tel: 602 860 2702 
Fax: 602 860 2712 


New Hampshire 


ViISTAssociates, Inc. 
237 Cedar Hill Street 
Marlborough, MA 01752 
Tel: 508 481 9277 

Fax: 508 460.1869 
Telex: 710-380-0466 


New Jersey 


Technical Marketing Group 
175-3C Fairfield Ave. 

W. Caldwell, NJ 07006 
Tel: 201 226 3300 

Fax: 201 226 9518 


Tritek Sales 

21 E. Euclid Avenue 
Haddonfield, NJ 08033 
Tel: 609 429 1551 

Fax: 609 429 4915 


New Mexico 


Western High Tech Marketing 
4205 Montgomery, NE 
Albuquerque, NM 87109 

Tel: 505 884 2256 

Fax: 505 884 2258 


New York 


Apex Associates, Inc. 
1210 Jefferson Rd. 
Rochester, NY 14623 
Tel: 716 272 7040 
Fax: 716 272 7756 


Technical Marketing Group 
20 Broad Hollow Rd., #3001 
Melville, NY 11747 
Tel: 516 351 8833 
Fax: 516 351 8667 


Technical Marketing Group 
175-3C Fairfield Ave. 

W. Caldwell, NJ 07006 
Tel: 201 226 3300 

Fax: 201 226 9518 


North Carolina 


Zucker Associates 
4070 Barrett Drive 
Raleigh, NC 27609 
Tel: 919 782 8433 
Fax: 919 782 8476 


North Dakota | 


Comp. Technical Sales, Inc. 
6525 City West Parkway 
Eden Prairie, MN 55344 
Tel: 612 941 7181 

Fax: 612 941 4322 


Ohio 


JMK Electronics 

7921 Euclid Rd., Suite B 
Cincinnati, OH 45243 
Tel: 513 271 3860 

Fax: 513 271 6321 


JMK Electronics 
124B Woolery Lane 
Dayton, OH 45415 
Tel: 513 898 8834 
Fax: 513 898 8863 


JMK Electronics 
7050 Engle Road, Suite 100 
Middleburg Heights, OH 44130 


Tel: 216 234 1202 


Fax: 216 234 1912 


Oklahoma 


Comptech Sales, Inc. 

9810 E. 42nd Street, Suite 219 
Tulsa, OK 74146 

Tel: 918 622 7744 

Fax: 918 660 0340 


Oregon 


QR/Crown, Inc. 

17020 SW Upper Boones 
Ferry Road, Suite 202 
Portland, OR 97224 

Tel: 503 620 8320 

Fax: 503 639 4023 


Pennsvyivania 


Tritek Sales 

21 E. Euclid Avenue 
Haddonfield, NJ 08033 
Tel: 609 429 1551 

Fax: 609 429 4915 


JMK Electronics 

7921 Euclid Rd., Suite B 
Cincinnati, OH 45243 
Tel: 513 271 3860 

Fax: 513 271 6321 


Rhode Islan 


VISTAssociates, Inc. 
237 Cedar Hill Street . 
Marlborough, MA 01752 
Tel: 508 481 9277 | 
Fax: 508 460 1869 
Telex: 710-380-0466 
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South Carolina 


Zucker Associates 
4070 Barrett Drive 
Raleigh, NC 27609 
Tel: 919 782 8433 
Fax: 919 782 8476 


South Dakota 


Comp. Technical Sales, Inc. 
6525 City West Parkway 
Eden Prairie, MN 55344 
Tel: 612 941 7181 

Fax: 612 941 4322 


Tennessee © 


Electramark, Inc. 

4950 Corporate Dr., Suite 130L 
Huntsville, AL 35805 

Tel: 205 830 4400 

Fax: 205 830 4406 


Zucker Associates 
4070 Barrett Drive 
Raleigh, NC 27609 
Tel: 919 782 8433 
Fax: 919 782 8476 


Texas 


Comptech Sales, Inc. 

11130 Jollyville Rd., Suite 200 
Austin, TX 78759 | 
Tel: 512 343 0300 

Fax: 512 345 2530 


Comptech Sales, Inc. 
802 E Harrison - Suite 19 
Harlingen, TX 78523 

Tel: 512 428 7503 

Fax: 512 428 0242 


Comptech Sales, Inc. 
15415 Katy Fwy., Suite 102 
Houston, TX 77094 | 

Tel: 713 492 0005. — 

Fax: 713 492 6116: 


Comptech Sales, Inc. 

2401 Gateway Dr., Suite 114 
Irving, TX 75063 

Tel: 214 751 1181 

Fax: 214 550 8113 


Western High Tech Marketing, Inc. 


4205 Montgomery NE 
Albuquerque, NM 87109 
Tel: 505 884 2256 

Fax: 505 884 2258 
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Factor | Representatives 


Utah 


Western Region Marketing 
3539 S Main - Suite 210 
Salt Lake City, UT 84115 
Tel: 801 268 9768 


Fax: 801 268 9773 


Vermont 


VISTAssociates, Inc. 
237 Cedar Hill Street 
Marlborough, MA 01752 
Tel: 508 481 9277 

Fax: 508 460 1869 
Telex: 710-380-0466 


Virginia 

Parogem, Inc. 

3201 Harness Creek Road 
Annapolis, MD 21403 

Tel: 301 269 1898 

Fax: 301 974 8170 


Washington 


QR/Crown, Inc. 

375 118th Ave., Suite 110 
Bellevue, WA 98005 

Tel: 206 453 5100 

Fax: 206 646 8775 


West Virginia 


JMK Electronics — 
124B Woolery Lane 
Dayton, OH 45415 
Tel: 513 898 8834 
Fax: 513 898 8863 


Wisconsin 


Janus, Inc. 

W239 N 1690 Busse Road 
Waukesha, WI 53188 | 
Tel: 414 542 7575 

Fax: 414 542 7634 


Wyoming 


Western Region Marketing 
9176 Marshall Place 
Westminster, CO 80030 
Tel: 303 428 8088 

Fax: 303 426 8585 
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Field Offices 


AFRICA 


South Africa 


Pace Electronic Components (PTY) 
LTD. 

Cnr. Van Acht & Gewel Streets 
P.O. Box 7014 

Isando 1600/Transvaal 

Tel: 11 974 1211/6 

Fax: 11 974 1271 

Telex: 4-29023 


ASIA 


Japan 


Marubeni Hytech Corporation 
Marubeni Hytech Bidg. 
4-20-22, Koishikawa 
Bunkyo-Ku, Tokyo 112, 

Tel: 81 3 817-4921 

Fax: 81 3 817-4880 


Korea 


Daeho Corporation 
1004, Keo Yang Building 
51-8 Soosong Dong 
Chongro-Ku,Seoul, 

Tel: 82 2 739-8543 

Fax: 82 2 739-6040 


CANADA 


Alberta 


ITT Multicomponents 

3015 - 5th Ave. N.E. - Suite 210 
Calgary, Alberta, T2A 6T8 

Tel: 403 273-2780 

Fax: 403 273-7458 


Future Electronics 
3833 - 29th Street N.E. 
Calgary, Alta. T1Y 6B5 
Tel: 403 250-5550 
Fax: 403 291-7054 


ITT Multicomponents 

9840 - 47th Avenue - Suite 3 
Edmonton, Alta. T6E 5P3 
Tel: 403 436-9555 

Fax: 403 438-4983 


Future Electronics 
5312 Calgary Trail 
Edmonton, Alta. T6H 4J8 
Tel: 403 438-2858 
Fax: 403 434-0812 


British Columbi 


ITT Multicomponents 
3455 Gardner Court 
Burnaby, B.C., V5G 4J7 
Tel: 604 291-8866 

Fax: 604 291-1227 


Future Electronics 

1695 Boundary Road 
Vancouver, B.C., V5K 4X7 
Tel: 604 294-1166 

Fax: 604 294-1206 


Manitoba 

Future Electronics 

106 King Edward 
Winnipeg, Man. R3H ON8 
Tel: 204 786-7711 


ITT Multicomponents 

1313 Border Street - Suite 35 
Winnipeg, Manitoba, R3H OM4 
Tel: 204 697-2300 

Fax: 204 697-2293 


Distributors 


Ontario 


ITT Multicomponents 
300 N. Rivermeda Road 
Concord, Ont. L4K 224 
Tel: 416 736-1144 

Fax: 416 736-4831 


Future Electronics 

82 St. Regis 

Downs View, Ont. M3J 1S6 
Tel: 416 638-4771 

Fax: 416 638-2936 


ITT Multicomponents 
39 Robertson Rd. 
#506, Bell Mews 
Nepean, Ont. K2H 8R2 
Tel: 613 596-6980 
Fax: 613 596-6987 


Future Electronics 
1050 Baxter Road 
Ottawa, Ont. K2C 3P2 
Tel: 613 820-8313 
Fax: 613 820-3271 


Quebec 


Future Electronics 

237 Hymus Boulevard 
Pointe Claire, P.Q. H9R 5C7 
Tel: 514 694-7710 

Fax: 514 695-3707 


Future Electronics . 

1990 Charest Bivd. West - #190 
St. Foy, P.Q. GIN 4K8 

Tel: 418 682-8092 

Fax: 418 682-8303 


ITT Multicomponents 

5713 Chemin St. Francois 

Ville St. Laurent, P.Q. H4S 1W9 
Tel: 514 335-7697 

Fax: 514 335-9330 


Saskatchewan 


ITT Multicomponents 

3521 - 8th St. East, #209 
Saskatoon, Sask. S7H OW5 
Tel: 306 373-7138 

Fax: 306 373-7390 
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Distributors 


EUROPE 


Austria 


Bacher El. Geraete GmbH 
Rotenmuehlgasse 26 
A-1120 Wien 

Tel: 0222 813564 

Fax: 0222 834276 


Belgium 

Velleman N.V. 

Legen Heirweg 

Industrieterrein 27 

B-9751 Gavere 

Tel: 091 843611 

Fax: 091 844362 Telex: 11668 


Denmark 


Nordisk Elektronik AS 
Transformervej 17 
DK-2730 Herlev 

Tel: 02 842000 


England 


Polar Electronics PLC 
Cherrycourt Way 
Leighton Buzzard 
Bedfordshire LU7 8YY _ 
Tel: 0525 377093 


V.S.1. Electronics Ltd. 
Roydonbury Ind. Park 
Horsecroft Road sw 
Harlow, Essex CM19 5BY 
Tel: 0279 29666 


Campbell Collins Ltd. 
162 High Street 
Stevenage 
Hertfordshire 

Tel: 0438 369466 


Future Electronics Ltd. 
Petersfield Avenue sy 
Slough, Berkshire, SL2 5EA 


Finland 


Komdel Oy | 
Meteorinkatu 3 
SF-02211 Espoo 
Tel: 0 885011 


France 


Ericsson 

1 parc Club Ariane 
Rue Helene Boucher 
78284 Guyancourt 
Tel: 30 64 09 00 
Fax: 30 64 11 46 


France (cont.) 


P.E.P. 

6 Rue Ambroise Croizat 
Zi des Glaises __. 
91122 Palaiseau Cedex 
Tel: 64 47 00 31 | 
Fax: 64 47 00 84 


Mecodis 

Parc d'Activites 

3 Allee des Erables 
94042 Creteil Cedex 
Tel: 43 99 44 00 
Fax: 43 99 98 28 


Germany 


Metronik GmbH 
Leonhardsweg 2 
8025 Unterhaching 
Tel: 089 611080 
Fax: 089 611468 


Semitron W. Roeck GmbH 
Im Gut 1 

D-7891 Kuessaberg 6 
Tel: 07742 7011 

Fax: 07742 6901 


Electronic 2000 Vertriebs AG 
Stahigruberring 12 

D-8000 Muenchen 82 

Tel: 089 42001-0 

Fax: 089 42001210 


ireland 


Eltech Agencies, ltd. 
Lehanaghmore 
Farmers Cross, Cork 


Israel 


Elina Ltd. 

3, Hametzuda Street 
Azur 58001, Holon 
Tel: 3 559 0275/6 
Fax: 3 559 0270 


Italy 


Deutsche ITT/Intesi — 
Viale Milanofiori, E/5 
20090 Assago Milano 
Tel: 2 8247 0215 
Fax: 2 8247 0278 


Eurelettronica Srl 
Viale E. Fermi 8 


- 20094 Assago Milano 


Tel: 2 488 0022 
Fax: 2 488 0275 


Field Offices 


Italy (cont.) 


Kevin 

Via del Gradenigo, 3 . 
20148 Milano 

Tel: 2 4870 6300 
Fax: 2 4870 6500 


Netherlands 


Semicon B.V. 

P.O. Box 258, Gulberg 33 
NL-5670 AG Nuenen 

Tel: 040 837075 

Fax: 040 832300 


Norway 


Morgenstierne & Co. A/S 
Konghellengaten 3/5 
N-0569 Oslo 5. 

Tel: 02 356110 


Portugal 


Digicontrole 

Dpt. Comercial 

Ave. Eng. Arantes E Oliveira 52d 
1900 Lisboa 

Tel: 11 805 730 

Fax: 11 890 373 


Spain 

Sagitron 

Corazon de Maria 80/82 
28402 Madrid 

Tel: 1 416 9261 

Fax: 1 415 8652 


Sweden 


Bexab Technology AB 
Kemistvaegen 10 

Box 523, KAJC 

Tel: S-18325 Taeby 
Fax: 08 732 8980 


Switzerland 


Omni Ray AG 
Industriestrasse 31 
CH-8305 Dietlikon 
01 835 2111 

Tel: 01 833 5081 


Turkey 


Electro 

Sanayiva Ticaret Koll. Sti. 
Ahmet Rasim Sok. No. 16 
Hasanpasa, Kadikoy, Istanbul 


Tel: 013372245 


Fax: 01 3368814 
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Field Offices 


USA 


Alabam 


Future Electronics 

4950 Corporate Dr. - Suite 145 
Huntsville, AL 35081 

Tel: 205 830-2322 

Fax: 205 830-6664 


Hall-Mark Electronics 
4900 Bradford Drive 
Huntsville, AL 35805 
Tel: 205 837-8700 
Fax: 205 830-2565 


Reptron Electronics 

4950 Corporate Dr. - Suite 105C 
Huntsville, AL 35805 

Tel: 205 722-9500 

Fax: 205 722-9565 — 


Arizona 


Future Electronics 

4636 E. University Dr. - Suite 245 
Phoenix, AZ 85034 

Tel: 602 968-7140 

Fax: 602 968-0334 


Hall-Mark Electronics 
4637 South 36th Place 
Phoenix, AZ 85040 
Tel: 602 437-1200 
Fax: 602 437-2348 


California 


Future Electronics 

9301 Oakdale Ave. - Suite 210 
Chatsworth, CA 91311 

Tel: 818 772-6240 

Fax: 818 772-6247 


Hall-Mark Electronics 

9420 Topanago Canyon Blvd. 
Chatsworth, CA 91311 

Tel: 818 773-4500 

Fax: 818 773-4555 


Bell Microproducts, Inc. 
18350 Mt. Langley - Suite 207 
Fountain Valley, CA 92708 
Tel: 714 963-0667 

Fax: 714 968-3195 


Future Electronics 
1692 Browning Ave. 
Irvine, CA 92714 
Tel: 714 250-4141 
Fax: 714 250-4185 


Falcon Electronics 

2301 Dupont Drive - Suite 160 
Irvine, CA 92715 

Tel: 714 757-1955 

Fax: 714 757-1890 


Hall-Mark Electronics 
1 Maunchly 

Irvine, CA 92718 

Tel: 714 727-6000 
Fax: 714 727-6066 


Bell Microproducts, Inc. 
550 Sycamore Drive 
Milpitas, CA 95035 
Tel: 408 434-1150 

Fax: 408 434-0778 


Distributors 


liforni nt. 


Hall-Mark Electronics 
580 Menlo Drive - Suite 2 
Rocklin, CA 95677 

Tel: 916 624-9781 

Fax: 916 961-0922 


Future Electronics 
3940 Ruffin Road #E 
San Diego, CA 92123 
Tel: 619 278-5020 
Fax: 619 576-8564 


Hall-Mark Electronics 
3878 Ruffin Road 
san Diego, CA 92123 
Tel: 619 268-1201 
Fax: 619 268-0209 


Hall-Mark Electronics 
2105 Lundy Avenue 
San Jose, CA 95131 
Tel: 408 432-0900 


Future Electronics 

575 River Oaks Parkway 
San Jose, CA 95134 
Tel: 408 434-1122 
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Distributors 


Colorado 


Future Electronics 
9030 Yukon Street - Suite 2700 
Broomfield, CO 80021 

Tel: 303 421-0123 


Hall-Mark Electronics 

12503 E. Euclid Drive - Suite 20 
Englewood, CO 80111 

Tel: 303 790-1662 

Fax: 303 790-4991. 


Connecticut 


Future Electronics 
24 Stoney Hill Road 
Bethel, CT 06801 
Tel: 203 743-9594 
Fax: 203 798-9745 


Hall-Mark Electronics 

615 West Johnson Ave. - Bldg. 3 
Cheshire, CT 06410 

Tel: 203 271-2844 


Falcon Electronics 
5 Higgins Drive 
Milford, CT 06460 
Tel: 203 878-5272 
Fax: 203 877-2010 © 


Florida 


Future Electronics 

380 S. Northlake Bivd. - Suite 1048 
Altamonte Springs, FL 32701 

Tel: 407 767-8414 

Fax: 407 834-9318 


Vantage Components, Inc. 
1110 Douglas Ave. - Suite 2050 
Aitamonte Springs, FL 32714 
Tel: 407 682-1199 

Fax: 407 682-1286 


Hall-Mark Electronics 

489 E. Semoran Bivd. - Suite 145 
Casselberry, FL 32707 

Tel: 407 830-5855 

Fax: 407 767-5002 


Florida (cont.) 


Future Electronics 

4900 M Creekside Drive 
Clearwater, FL. 34620 
Tel: 813 578-2770 

Fax: 813 576-7600 


Vantage Components, Inc. | 

1761 W. Hillsborough Ave. - #318 
Deerfield Beach, FL 33441 

Tel: 305 429-1001 

Fax: 305 481-3586 


Reptron Electronics 

3320 N.W. 53rd St. - Suite 206 
Ft. Lauderdale, FL 33309 

Tel: 305 735-1112 

Fax: 305 735-1121 


Hall-Mark Electronics 
10491 - 72nd St. North 
Largo, FL 34647 | 
Tel: 813 541-7440 
Fax: 813 544-4394 


-Hall-Mark Electronics 


3161 S.W. 15th Street 
McNabb Road 

Pompano Beach, FL 33069 . 
Tel: 305 971-9280 

Fax: 305 971-9339 


Reptron Electronics 
14401 McCormick Drive 
Tampa, FL 33626 

Tel: 813 855-4656 

Fax: 813 855-7660 


Falcon Electronics . 
1265 S. Semoran Blvd. - Suite 1203 
Winter Park, FL 32792 

Tel: 407 671-3739 

Fax: 407 679-3255 


Georgia 


Future Electronics 

3000 Northwoods Pkwy. - #295 
Norcross, GA 30071 

Tel: 404 441-7676 

Fax: 404 441-7580 


Hall-Mark Electronics 

3425 Corporate Way - Suite A 
Duluth, GA 30136 

Tel: 404 623-4400 

Fax: 404 476-8806 


Field Offices 


Georgia (cont.) 


Reptron Electronics 

3040 Business Park Dr. - Suite H 
Norcross, GA 30071 

Tel: 404 446-1300 

Fax: 404 446-2991 


illinois 


Advent Electronics 

7110 - 16 N. Lyndon Street 
Rosemont, IL 60018 

Tel: 708 297-6200 

Fax: 708 297-6650. 


Future Electronics 

1000 East State Parkway - Suite B 
Schaumburg, IL 60195 

Tel: 708 882-1255 


Reptron Electronics 

1000 East State Pkwy - Suite K 
Schaumburg, IL 60195 

Tel: 708 882-1700 

Fax: 708 882-8904 


Hall-Mark Electronics 
210 Mittel Drive 
Wood Dale, Il 60191 
Tel: 708 860-3800 


Indiana 


CAM/RPC 

1329 W. 96th St. - Suite 10 
Indianapolis, IN 46260 

Tel: 317 578-1111 

Fax: 317 578-3338 


Advent Electronics 
8446 Moller Road 
Indianapolis, IN 46268 
Tel: 317 872-4910 
Fax: 317 872-9987 


Hall-Mark Electronics 
4275 West 96th Street 
Indianapolis, IN 46268 
Tel: 317 872-8875 
Fax: 317 876-7165 
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Field Offices 


lowa 


Advent Electronics 

682 - 58th Ave. Court S.W. 
Cedar Rapids, IA 52404 
Tel: 319 363-0221 

Fax: 319 363-4514 


Kansas 


Hall-Mark Electronics 
10809 Lakeview Drive 
Lenexa, KS 66215 
Tel: 913 888-4747 
Fax: 913 888-0523 


Maryland 


Falcon Electronics 

1520 Caton Research Ctr. #Q 
Baltimore, MD 21227 

Tel: 301 247-5800 

Fax: 301 247-5893 


Vantage Components, Inc. 
6925 R. Oakland Mills Road 
Columbia, MD 21045 

Tel: 301 720-5100 

Fax: 301 381-2172 


Future Electronics 

7165 Columbia Gateway Dr. #G 
Columbia, MD 21046 

Tel: 301 995-1222 

Fax: 301 290-0328 


Hall-Mark Electronics 
10240 Old Columbia Road 
Columbia, MD 21046 

Tel: 301 988-9800 

Fax: 301 381-2036 


Massachussetts 


Vantage Components, Inc. 
200 Bullfinch Drive 
Andover, MA 01810 

Tel: 508 687-3900 

Fax: 508 687-4116 


Hall-Mark Electronics 

6 Cook St. - Pinehurst Park 
Billerica, MA 01821 

Tel: 617 935-9777 

Fax: 617 667-4129 


Falcon Electronics 

500 Franklin Village Dr. #302 
Franklin, MA 02038 

Tel: 508 520-0323 - 

Fax: 508 528-2626 


Future Electronics 

133 Flanders Road 
Westborough, MA 01581 
Tel: 508 366-2400 

Fax: 508 366-1195 


Bell Microproducts, Inc. 
16 Upton Drive 
Wilmington, MA 01887 
Tel: 508 658-0222 

Fax: 508 694-9987 


Michigan 

Advent Electronics 

24713 Crestview Court 
Farmington Hills, Ml 48333 
Tel: 313 477-1650 

Fax: 313 477-2630 


CAM/RPC 

32468 Schoolcraft Road 
Livonia, MI 48150 

Tel: 313 427-4800 

Fax: 313 427-4820 


Future Electronics 


35200 Schoolcraft Road - #106 


Livonia, MI 48150 
Tel: 313 261-5270 
Fax: 313 261-8125 | 


Distributors 


Michigan (cont.) 
Hall-Mark Electronics 
38027 Schoolcraft Road 
Livonia, MI 48150 

Tel: 313 462-1205 

Fax: 313 462-1830 


Reptron Electronics 
34403 Glendale Road 
Livonia, MI 48150 
Tel: 313 525-2700 
Fax: 313 525-3209 — 


Minnesota 


Future Electronics 

10025 Valley View Road - #196 
Eden Prairie, MN 55344 

Tel: 612 944-2200 

Fax: 612 944-2520 


Hall-Mark Electronics 

10300 Valley View Road - #101 
Eden Prairie, MN 55344 

Tel: 612 941-2600 

Fax: 612 941-5778 


Reptron Electronics 

5959 Baker Road - Suite 405 
Minnetonka, MN 55344 

Tel: 612 938-0000 

Fax: 612 938-3995 


Missouri | 


Hall-Mark Electronics 
3783 Rider Trail South 
Earth City, MO 63045 
Tel: 314 291-5350 
Fax: 314 291-0362 


Future Electronics 

1067 N. Mason Road - Suite 15 
St. Louis, MO 63141 

Tel: 314 469-6805 

Fax: 314 469-7226 
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Distributors 


New Jersey 


Vantage Components, Inc. 
23 Sebago Street 

Clifton, NJ 07013 

Tel: 201 777-4100 . 

Fax: 201 777-6194 


Future Electronics 
122 Fairfield Road — 
Fairfield, NJ 07006 
Tel: 201 227-4346 
Fax: 201 227-5305 


Future Electronics 
520 Fellowship Road 
Mt. Laurel, NJ 08054 
Tel: 609 778-7600 
Fax: 609 778-4621 


Hall-Mark Electronics 

11000 Midlantic Drive - Suite 5 
Mt. Laurel, NJ 08054 ; 
Tel: 609 235-1900 

Fax: 609 235-3381 


Future Electronics 
1259 Route 46 East 
Parsippany, NJ 07054 
Tel: 201 299-0400 
Fax: 201 299-1377 


Hall-Mark Electronics 

200 Lanidex Plaza - 2nd Floor 
Parsippany, NJ 07054 

Tel: 201 575-4415 

Fax: 201 525-4475 


New York 
Hall-Mark Electronics . 


6605 Pittsford Palmyra Rd. #E-8 


Fairport, NY 14450 . 
Tel: 716 425-3300 
Fax: 716 425-7195 


Falcon Electronics 


1383-18 Veterans Memorial Hwy. 


Hauppauge, NY 11788 
Tel: 516 724-0980 
Fax: 516 724-0993 


Future Electronics 

801 Motor Parkway 
Hauppauge, NY 11788 
Tel: 516 234-4000 
Fax: 516 234-6183 


Future Electronics 
7453 Morgan Road 
Liverpool, NY 13090 
Tel: 315 451-2371 
Fax: 315 451-7258 


CAM/RPC | 
2975 Brighton Henrietta 
Town Line Road . | 
Rochester, NY 14623 
Tel: 716 427-9999 

Fax: 716 427-7559 


Future Electronics 
333 Metro Park 
Rochester, NY 14623 
Tel: 716 272-1120 
Fax: 716 272-7182 


Hall-Mark Electronics 

3075 Veterans Memorial Hwy. 
Ronkonkoma, NY 11779 

Tel: 516 737-0600 


Fax: 516 737-0838 


Vantage Components, Inc. 
1056 West Jericho Turnpike 


Smithtown, NY 11787 


Tel: 516 543-2000 


Fax: 516 543-2030 


Field Offices 


North Carolina 


Future Electronics 
1515 Mockingbird Larie 
Charlotte, NC 28209 
Tel: 704 529-5500 

Fax: 704 527-2222 


Hall-Mark Electronics - 
5234 Green’s Dairy Road 
Raleigh, NC 27604 

Tel: 919 872-0712 

Fax: 919 878-8729 | 


Future Electronics — 

1304 Paddock Dr. - Suite F100 
Raleigh, NC 27609 

Tel: 919 790-7111 

Fax: 919 790-9022 


Reptron Electronics 
5954-A Six Forks Road 
Raleigh, NC 27609 
Tel: 919 870-5189 

Fax: 919 870-5210 
Qhio 

CAM/RPC 

749 Miner Road 
Cleveland, OH 44143 


Tel: 800 283-5588 
Fax: 216 461-4329 


CAM/RPC 

15 Bishop Drive - Suite 104 
Columbus, OH 43081 

Tel: 614 888-7777 

Fax: 614 895-1550 


CAM/RPC 

7973-B Washington Woods Drive 
Dayton, OH 45459 

Tel: 513 898-1111 

Fax: 513 433-6792 


Hall-Mark Electronics 
5821 Harper Road 
Solon, OH 44139 
Tel: 216 349-4632 
Fax: 216 248-4803 


Reptron Electronics 
30640 Bainbridge Road — 
Solon, OH 44139 

Tel: 216 349-1415 

Fax: 216 349-1634 
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Field Offices Distributors 


Qhio (cont.) 

Hall-Mark Electronics 

400 E. Wilson Bridge Rd. - #S 
Worthington, OH 43085 

Tel: 614 888-3313 

Fax: 614 888-0767 


Reptron Electronics 

404 E. Wilson Bridge Rd. #A 
Worthington, OH 43085 

Tel: 614 436-6675 

Fax: 614 436-4285 


Oklahoma 


Hall-Mark Electronics 

5411S. 125th E. Ave. - Suite 305 
Tulsa, OK 74146 

Tel: 918 251-1108 

Fax: 918 254-6207 


Oregon 


Future Electronics 

15236 N.W. Greenbrier Pkwy. 
Beaverton, OR 97006 

Tel: 503 645-9454 

Fax: 503 645-1559 


Pennsylvania 


CAM/RPC | 

620 Alpha Drive 
Pittsburgh, PA 15238 
Tel: 800 245-2519 
Fax: 412 963-6210 


Texas 


Hali-Mark Electronics 
12211 Technology Blvd. 
Austin, TX 78727 

Tel: 512 258-8848 

Fax: 512 258-3777 


Hall-Mark Electronics 
11420 Pagemill Road 
Dallas, TX 75243 
Tel: 214 553-4300 
Fax: 214 553-4395 


Hall-Mark Electronics 
8000 Westglen 
Houston, TX 77063 
Tel: 713 781-6100 
Fax: 713 953-8420 


Future Electronics 

11271 Richmond Ave. - Suite 106 
Houston, TX 77082 

Tel: 713 556-8696 

Fax: 713 589-7069 


Future Electronics 

1850 N. Greenville Ave. - Suite 146 
Richardson, TX 75081 

Tel: 214 437-2437 

Fax: 214 669-2347 


Utah 


Future Electronics 

2250 S. Redwood Road 
Salt Lake City, UT 84119 
Tel: 801 972-8489 

Fax: 801 972-3602 


Washington 
Falcon Electronics 
19231 - 36th ave. West 


Lynnwood, WA 98036 
Tel: 206 774-3005 


Future Electronics 
4038 - 148th Ave. N.E. 
Redmond, WA 98052 
Tel: 206 881-8199 
Fax: 206 881-5232 


Hall-Mark Electronics 
250 N.W. 39th - Suite 4 
Seattle, WA 98107 

Tel: 206 547-0415 


Wisconsin 


Hall-Mark Electronics 
16255 W. Lincoln Ave. 
New Berlin, WI 53151 
Tel: 414 797-7844 
Fax: 414 797-9259 
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ASIA 
ASIAN HEADQUARTERS 


Hong Kong | 


Arizona Microchip Tachnology Ltd. 


75, Mody Road, Tsimshatsui East 
Rm 1103, Tower 1, So. Seas Ctr. 
Kowloon 

Tel: 311 6103 

Fax: 311 5125 

Telex: 44611 


Japan 


Microchip Technology Inc. 
4F Madre Matsuda Bldg. 
4-13, Kioi-Cho, 
Chiyoda-Ku, Tokyo 102 
Tel: 3 234 8774 

Fax: 3 234 8549 


Korea 


Microchip Technology Inc. 
c/o Daeho Corp. 

1004 Keo Yang Bidg. 
51-8 Soosong Dong 
Chongro-Ku, Seoul 

Tel: 2 7209800 

Fax: 2 7396040 

Telex: 26880 


Singapore 


Arizona Microchip Technology Ltd. 


Singapore Representative Office 
10 Anson Road, #14-02 
International Plaza 

Singapore 0207 

Tel: 222 4962 

Fax: 222 4939 


Taiwan 


Microchip Technology Taiwan 
Liaison Office 

5F, 41 Ming Chuan Road 
Hsin-Tien, Taipei 

Tel: 2 911 3431 

Fax: 2 914 6234 


EUROPE 


EUROPEAN HEADQUARTERS 


England 


Arizona Microchip Technology 
Unit 3, Meadow Bank, Furlong 
Road 

Bourne End, Bucks SL8 5AJ © 
Tel: 0628 850303 © 

Fax: 0628 850178 


France 


Arizona Microchip Technology: 


2, Rue du Buisson aux Fraises 
F-91300 Massy 

Tel: 1 69 30 90 90 

Fax: 1 69 30 90 79 


Germany 


Arizona Microchip Technology 
Alte Landstr. 12-14 7 
D-8012 Ottobrunn 

Tel: 089 609 6072 

Fax: 089 609 1997 

Telex: 524518 





® 
Microchip 


USA 


California 


Microchip Technology Inc. _ 
1411 W. 190th Street, Suite 230 
Gardena, CA 90248 

Tel: 213 323 1888 

Fax: 213 323 1424 


Microchip Technology Inc. 
2107 North First Street, #410 
San Jose, CA 95131 

Tel: 408 436 7950 

Fax: 408 436 7955. _~ 


Georgia 


Microchip Technology Inc. 
2860 Johnson Ferry Rd. N.E., 
#250B 

Marietta, GA 30062 

Tel: 404 642 6933 

Fax: 404 642 6890 


illinois 


Microchip Technology Inc. 

800 East Diehl Road, Suite 175 
Naperville, IL 60563 

Tel: 708 505 0022 

Fax: 708 505 0065 


Massachusetts 


Microchip Technology Inc. 

Five The Mountain Road, Suite 120 
Framingham, MA 01701 

Tel: 508 820 3334 

Fax: 508 872 0923 


New York 


Microchip Technology Inc. 
300 Wheeler Road., Suite 206 
Hauppage, NY 11788 

Tel: 516 232 1930 

Fax: 516 232 1935 


Texas 


Microchip Technology Inc. 
17480 N Dallas Pkwy., Suite 114 
Dallas, TX 75287 

Tel: 214 733 0391 

Fax: 214 250 4631 
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